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Abstract 
This is a literature study of polar bears in the context of climate change: what kind of creatures are 
polar bears, what are the main interpretations of current climate change, how might the polar bear adapt 
to these changes (feeding strategies) and how are the bears being managed (hunting)? These are 
relevant questions , since climate change is on the agenda, and polar bears being the apex predators of 
the Arctic are a key representation of the wildlife there. The third element of polar bear 
management/conservation is chosen as a consideration of direct action that we as humans can practice 
on polar bears. There currently seem to be two main climate change causes argued for - greenhouse 
theory and solar activity, but everyone apparently agrees that climate is a variable, and that there has 
been significant warming and ice shrinkage in the Arctic of late. Polar bears are opportunistic creatures, 
making them potentially able to adapt to various situations. However, more polar bear subpopulations 
are declining now than just a few years ago. Many Arctic communities are realizing the importance of 
correct polar bear management, and evolving in the right direction. Unfortunately, Russia is staggering 
behind with absence of funding and enforcements to act. The future of the polar bear remains hazed, 
and is likely affected by a number of other factors, such as pollution, increased contact with humans/ 
handling for research purposes, decreased habitat area etc. 
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1. 0 Introduction  
Climate change is in the scientific spotlight (Stirling and Derocher 1993), with evidence of its 
devastating effects already available (Monbiot, DGI-byen and Cinemateket in Copenhagen during 
COP15). In that light, it is perhaps especially interesting what happens during this time in the Arctic, as 
the rising temperatures will cause the ice to melt (NRDC, global warming). One of the proposed 
scenarios is that the Arctic ice will disappear completely within a century (Stirling and Derocher 1993) 
and/or elevate the Arctic Ocean temperatures by 6-9 °C and thereby change the living conditions for 
the wildlife there. The rest of the world will be affected by this too, due to rising sea levels, floods, 
droughts, storms etc. (polarbearsinternational.org, Bear Essentials, Polar Style). 
A widely used indicator of climate warming in the Arctic is the sea ice state. Sea ice is a part of the 
cryosphere (which also incorporates river and lake ice, ice sheets and glaciers, snow and permafrost) – 
the universe of frozen water covering most of the Arctic.  
When considering the Arctic wildlife, an especially important part of the ecosystem is the polar bear, 
which is highest in the food-chain. The assumption is that if lower parts of the food-chain experience 
changes, it will be reflected on the higher ones, and the biggest effect will be seen on the last link. This, 
together with the notion that the Arctic is most susceptible to climatic changes makes this project 
especially relevant. 
The Arctic sea ice has, according to many sources declined vastly during the latest century and decade 
especially (Dyck and Kebreab 2009, Dowsley 2009). This is of interest, because the sea ice contributes 
to the high albedo of the planet and driving the global ocean circulation. It is an important habitat for 
polar bears among others (including their main prey) (SWIPA). Simultaneously, there is great 
changeability in the situation. While the ice is decreasing in area some places, it is increasing in others, 
and thus distributional variations and abundance of species populations (polar bears included) will be 
expressed differently in different places at different times (Dowsley 2009). Changes are generally hard 
to predict due to the complexity of the climatic mechanism, as well as, adaptability of specific species 
and effect on the rest of the food chain. 
According to Richardson (2009) there is growing recognition among scientists that fast climatic 
variations in the last 50 years have an effect on physiology, phenology (the relationship between an 
intermittent biological event, such as flowering, breeding, and migration in connection to climate 
conditions, thefreedictionary, phenology), dispersion and abundance of species. Environmental changes 
are known to influence growth, survival, reproduction and thus the demography of populations of long-
lived vertebrates. It seems to be known (Richardson, 2009) that the El Niño Southern Oscillation 
(ENSO) and the North Atlantic Oscillation  (NAO), which are big-scale patterns of climatic variation, 
affect the life history and dynamics in populations of both marine and terrestrial species, yet, relatively 
little information is available on how rapid climate change might affect these things.  
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Human relations towards the environment and wildlife are also variable. Environment and wildlife (and 
polar bear in particular) are important parts of the life of the Arctic communities (especially the 
natives), physically, culturally and economically (Dowsley 2009, Thiemann et al. 2008). However, the 
success of sustainable management with a maximum allowable harvest depends on good scientific data 
and a somewhat predictable environment. This way, the expected sea ice decrease and forecasted loss 
in the future present an important risk to the polar bear survival (Thiemann et al. 2008). Also it will 
become more troublesome to access the marine mammals, which has already happened in some places, 
such as Baffin Bay (Dowsley 2009). Quotas may ameliorate unfavourable hunting effects, but a 
combination of hunting with climate change make the population even more vulnerable (Thiemann et 
al. 2008).  
Dowsley (2009) also claims that during the past decades (!) scientists have gained a broader 
understanding of the complexity of the natural systems and inadequacy of various environment 
management models with static or almost static parameters. There has likewise been a conceptual 
change in ecology in favour of perceiving people as part of the ecosystems and creating advanced 
socio-ecological systems. Incorporation of various scholastic disciplines and traditional ecological 
knowledge (TEK, which is both concrete information and abstract/cultural understandings) is becoming 
more important in handling complicated environmental issues that necessitate technical information as 
well as flexibility of views on management.  
1.1 Focus 
This project has 3 main directions: the nature of climate change, polar bear life strategy/ adaptability in 
the context of climate change, and management of polar bears. Climate change and global warming are 
widely used terminology these days, how well are they understood? In this paper I will be looking at 
climate change in the Arctic, how it is happening, what the main causes are. The state of sea ice will be 
used as the main indicator of climate warming and subsequently used to evaluate the effects of 
warming on polar bears. It will be considered how the polar bears usually go about their life and how 
they might be affected by loss of their main habitat – the sea ice. Finally, there will be a reflection of 
the management of polar bears in the Arctic. The ultimate question of this project, summing up the 3 
directions, is the fate of polar bears.    
1.2 Main Questions 
What is the nature of the present day climate change in the Arctic? 
How does/might the polar bear adapt to its environment in the context of ice shrinkage? 
How are the polar bears being managed in the Arctic states? 
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1.3 Methods 
For answering these questions the Science Citation Index on RUC library’s homepage has been 
consulted, because it seems to be one of the broader databases within natural science. Here, a number 
of articles have been found regarding climate warming specifically in relation to polar bears, and at 
least half of them with participation of the same author (Stirling). Also, scientific articles in Russian 
have been looked at, found on the homepage of the Arctic and Antarctic Research Institute in St. 
Petersburg (AARI, oldest and largest Russian institute dealing with the Arctic). There were articles 
mostly on the nature of climate change in the 20th century and beginning of the 21st. The choice of 
Russian articles is due to a large part of the Arctic being Russian, the fact that there is much non-
translated literature that could be of interest and my knowledge of the language. Additionally, web 
pages of various organizations connected to either climate change or conservation/management of 
wildlife and/or polar bears in particular have been used. The information gathered served for casting 
some light over the mentioned issues, and making my own conclusions (since I wrote the project by 
myself). In the articles considered there has been used general knowledge from the introductions 
together with the new knowledge created from the investigation carried out by the authors, as well as 
points from the discussion and conclusion parts. There have not been considered any specific 
methodologies in depth, but rather superficially in some cases for a basic idea of the procedures. The 
main goal was to get an overview of the 3 main directions chosen and draw some conclusions from 
them.    
1.4 Limitations 
In this report I am only considering the effect of ice shrinkage mainly in relation to feeding and human 
management, mainly in relation to hunting on polar bears, whereas there may be a number of other 
things affecting their status. Besides being problematic in the food supply connection, ice shrinkage 
may signify reduction of the overall polar bear habitat, resulting in stress, as they are solitary animals 
for the most part and require large territories. I don’t know anything about polar bear psychology which 
may merit some attention as well. As for human management – besides the direct reduction of bears 
through killing, there may potentially be inflicted additional stress through handling of bears for 
research purposes, resulting in lower survival or reproduction. Various other human activities may be a 
hazard to polar bears. Specifically, pollution, originating both outside the Arctic, such as persistent 
organic pollutants and inside if industry comes to the Arctic in the form of drilling for oil and gas (for 
the moment it is only inland in North Alaska). It is possible that increased contact with humans may 
have negative consequences for the bear health, through increased metabolism and thus weight loss. 
This could be a result of increased tourism, more human settlements and perhaps food shortage because 
of adverse environmental conditions forcing them inland and in search for alternative food sources, 
among them garbage left by humans.  
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1.5 Target group 
As a point of departure, this report is targeted at people who are familiar with the climate debate, but 
don’t know much about the mechanisms of climate change. It may also be read by people without any 
knowledge of it whatsoever, though it may be hard to find such people. Additionally, it may be of 
interest for the proponents of the greenhouse theory, since a big part of the chapter about climate 
change (ch.3) is composed of referencing to articles written by non-supporters of the popular theory, 
most of which are in Russian and not available for non-speakers (everything is translated here of 
course). The polar bear and management parts likewise do not require specific knowledge, since I am 
also myself dealing with the subjects for the first time.  
1.6 Overview of report      
Chapter 2 gives a broad overview of the nature of polar bears, where and how they live, in order to 
better understand the effect of the ice shrinkage on their survival. Chapter 3 deals with the nature of 
climatic changes, to test the broadly publicized hypothesis that the climate is progressively and globally 
warming. Chapter 4 considers polar bears’ adaptability to changing ice conditions that result in lesser 
accessibility to their primary prey and their general feeding strategy. Finally, in chapter 5, attention is 
turned to the management of polar bears. Chapters 3-5 are followed by a discussion of the findings and 
their implications, and a general conclusion is made in the end of the report. As far as possible, italics 
are used to express my own opinions within the text (with exception of discussion parts and 
conclusion). Though it is not strictly conventional, I think it helps to comment on certain things in the 
context, instead of placing everything into the discussion part, whereas the discussion part plays more 
of a sum up role.  
1.7 List of abbreviations  
COSEWIC – Committee on the Status of Endangered Wildlife in Canada 
COY – cub of the year  
DBML – daily body mass loss 
DS – Davis Strait 
DWM – Department of Wildlife Management 
FB – Foxe Basin 
HTC – Hunters and Trappers Committee 
IGC – Inuvialuit Game Council 
IPCC – Intergovernmental Panel on Climate Change 
IUCN – International Union for the Conservation of Nature 
MMPA – Marine Mammal Protection Act 
NRDC – Natural Resources Defence Council 
NSB – North Slope Borough 
NWT – Northwest Territories 
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PBI – Polar Bears International 
PBSG – Polar Bear Specialist Group 
SA – solar activity 
SAT – surface air temperature 
TEK – traditional ecological knowledge 
TSI – total solar irradiance 
WH – Western Hudson Bay 
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2.0 Generally about the polar bears  
Polar bears are apex predators (Bentzen et al. 2007, bearden.org, Cherry et al. 2009), meaning that they 
are in the very end of the food chain, their only potential predators being humans. They are mostly 
solitary animals, except females with cubs, and require big territories (bearden.org). 
2.1 Where they live and their status 
Polar bears are spread out on the ice-covered marine areas of the Arctic, particularly in the more 
shallow and productive continental shelves and inter-island channels (Thiemann et al. 2008). They live 
mostly in the circumpolar Arctic with annual ice, where food concentrations are higher, as seals and 
other similar species often require breathing holes, as opposed to more northern regions with perennial 
ice, where they rarely are found. Sea ice is also their main hunting platform (Stirling and Derocher 
1993, Bentzen et al. 2007). They are found in Greenland, Norway, Russia, Canada and Alaska. The 
current population estimate is at 20000- 25000 individuals globally, distributed in 19 relatively separate 
subpopulations world-wide (PBSG, status, Thiemann et al. 2008). Of the 19 identified subpopulations 
(described as spatial entities in which population dynamics are primarily affected by inherent vitality 
and human hunting), 12 are shared or owned by Nunavut (Canada) (Amstrup 2003, Dowsley 2009). The 
number of acknowledged subpopulations and their limits has developed since the late 1960s when 
scientific research and management started on a big scale. Even though polar bears are known to travel 
far distances, they do usually stay within relatively well-drawn subpopulation boundaries during their 
lives, which are set based on topography that creates movement boundaries (Dowsley 2009). The 
separation of some of the subpopulations in the Russian Arctic and adjacent areas is, however, under 
question due to lack of information (PBSG, status). They are also the only bears with international 
protection (bearden.org). 
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Figure 1. Map of the Arctic. Shows the Arctic and adjacent regions (anthropolis) 
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Figure 2. Polar bear status map. Shows the approximate polar bear subpopulation size in the Arctic areas and population 
number dynamics (WWF, status and population). Additionally, according to other maps, the East Greenland polar bear 
population is 2000+ (Polarbearsinternational.org, Maps & trackers). 
In 2005 the polar bear has been moved up the list on the International Union for the Conservation of 
Nature (IUCN) Red List of Threatened Species from least concern to vulnerable (Dowsley 2009, 
Thiemann et al. 2008), because of the probability of a >30% decrease within 35-50 years, resulting 
from the aftermath of climatic changes (Dowsley 2009). In 2008 it has been classified as a threatened 
species, under the Endangered Species Act by the U.S. Department of the Interior. In 2005 it was 
reported that of the 19 polar bear subpopulations, 5 are declining, 5 are stable, 2 are increasing and 7 
lack data. In 2009 - 8 declining, 3 stable, and 1 increasing (polarbearsinternational.org, Will Polar 
Bears Survive). Russia and Canada listed it as a species of concern (polarbearsinternational.org, Bear 
Essentials, Polar Style, Thiemann et al. 2008).  
Large numbers of polar bears have been stuck on land in Russia due to prolonged summers that did not 
allow the formation of perennial ice pack. In the area of Western Hudson Bay, permafrost has 
decreased, making polar bear denning areas vulnerable to forest fires during the summer, as well as, 
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dens collapsing because of higher rainfall in the warmer springs (polarbearsinternational.org, Bear 
Essentials, Polar Style).  
There is reported a decline in Canada’s Western Hudson Bay population of polar bears since the 1980’s 
by 22%, which is said to be linked directly to an earlier ice break and general ice shrinkage there, as 
well as in Baffin Bay (polarbearsinternational.org, Bear Essentials, Polar Style, Cherry et al. 2009, 
Dyck and Kebreab 2009). Another long term study has shown that the bears of Southern Beaufort Sea 
are exhibiting similar signs of stress as the ones from Western Hudson Bay, before they declined, 
which encompasses a decrease in the rate of cub survival, fewer 1-year olds, smaller male adult skull 
weights and sizes of adult bears. These are said to be the 2 best-studied polar bear populations, and are 
considered to be representative of what might happen to the other populations if the warming trends 
should continue (Dyck et al. 2007, polarbearsinternational.org, Bear Essentials, Polar Style). Also, the 
bears may be unable to cross the vast distances to reach solid ice if more ice free territories surface: 4 
bears drowned off the Alaskan coast in 2004 when trying to reach ice shore… (Amstrup 2003). The 
bears are thought to suffer from atypical ice conditions and strong winds, having in one instance caused 
drowning of 27 bears (Cherry et al. 2009). Furthermore, polar bears are said to be at risk from 
significant ice loss and over-harvesting in the Baffin Bay population, shared by Greenland and Canada. 
And polar bears of the Chukchi Sea shared by Russia and US are declining because of illegal harvest in 
Russia and one of the highest rates of sea ice loss in the Arctic. 
The population and thus status estimates can be rather imprecise. For instance, there are no reports of 
important downfalls in the polar bear population of Southern Beaufort Sea, but because of the decline 
in young of the year, it is suggested that the population is presently diminishing (Cherry et al. 2009).   
There have been reports by native communities in Canada that the numbers of polar bears on land are 
increasing, which is believed by the traditional hunters to mean a net population increase, while others 
think that the bears are driven on land by lack of sea ice, which is confirmed by the U.S. Fish and 
Wildlife Service.  
Generally, it is believed that sea ice shrinkage presents a grave and biggest risk to polar bear survival 
(Amstrup 2003). 
2.2 What they eat 
Although there is some geographic variation, polar bears live mainly of ringed and bearded seals 
(Derocher et al. 1993, 2000 & 2004, Dyck and Romberg 2007, Bentzen et al. 2007, Stempniewicz 2005, 
Cherry et al. 2009, Dyck and Kebreab 2009, Thiemann et al. 2008). Fully grown bearded seals are 
quite larger than ringed seals, but the sources do not disclose information on which prey is easier to 
catch, since it appears that ringed seals prevail in the polar bear diet both in Hudson Bay and Svalbard. 
A study involving helicopter trackings throughout 17 years revealed for instance a 75% ringed seal vs. 
16% bearded seal kill distribution. Harp seals (9% by the same study), young walruses and sometimes 
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narwhals or belugas are also pursued by bears, but these are thought to be a less important energy 
source for most populations (Derocher et al. 1993 & 2004, Bentzen et al. 2007, Brook et al. 2002, 
Stempniewicz 2005). A study involving examination of stomach contents of bears in the same area 
revealed similar proportions of ringed and bearded seals, however. Both beluga and walrus are 
migratory species that spend the winter in the Bering Sea and may be available to the bears at Beaufort 
sea to a certain extent, but the overall contribution of them to the polar bear diet is undecided (Bentzen 
et al. 2007). Additionally, polar bears are known to scavenge on carcasses (bearded seals and walruses 
as well) of bowhead whales. Specifically, along Beaufort Sea in Alaska bowhead whale carcasses are a 
direct result of the traditional hunt by the locals, which are then utilized by the bears (there is now also 
permission for an annual harvest of these whales). Polar bear gatherings around the locations of harvest 
have been documented, of up to 60 bears. Due to the significant biomass of these whales, these remains 
have a high caloric value to the scavengers. Hit, but lost whales and whales suffering natural deaths 
may also become a polar bear food source. Similar bear gatherings were noted in the case of other 
stranded whale species (beluga, sperm whale, gray whale) (Bentzen et al. 2007). In the case of Hudson 
Bay, the diet of marine mammals is unavailable for polar bears during the ice-free season from July to 
November, when they are forced to come ashore (Derocher et al. 1993, Stempniewicz 2005). Individual 
polar bears commonly move over 50 km daily, whether it is over ice, water, or along shorelines looking 
for food and better hunting conditions close to open leads and in places of active ice. The shallow 
waters near shore (25-100m) are one of the most productive locations in the Arctic marine environment 
and sustain a number of polar bear prey species (Bentzen et al. 2007).      
2.3 Coming of age 
The reproduction age is reached at different times according to different sources and evaluation 
methods. bearden.org states that the reproduction age is reached at around >4 years by females, and at 
4 years by females and 7 years by males in Eastern Greenland according to Sonne et al. (2007) (the last 
2 are averages of different evaluation methods), with the mating season between March and May, and 
up to September-October. The cubs stay with their mothers from 1.5 to 2.5 years (bearden.org). There 
is also information on how genetic differences are seen in bears’ morphology, life history and 
behaviour, and how this is reflected in the local ecologies (Thiemann et al. 2008), but this is beyond the 
scope of the chosen topic, even though very interesting. For instance, the lower productivity of an 
ecosystem (Beaufort Sea vs. east Canadian Arctic) is linked with a smaller bear size, and later breeding 
age - 5 years vs. 4, and even > 6 years for females in the High Arctic. Of the Canadian Arctic regions, 
the rate of reproduction is said to be highest in the Davis Strait area, supposedly due to warmer water 
temperatures and hence higher productivity and broader diversity of fauna (Thiemann et al. 2008). 
Male bears find females by their tracks, breeding pairs last 1-4 weeks and males are considered 
polygynous, fertilizing females continuously. How many females this constitutes is unknown, but 
likely depends on the duration of the mating season, time for finding a mate and duration of a 
“relationship”. It may also be of importance whether the male is fit enough to continue mate search 
after separation, since it is actually a demanding endeavor, and feeding is often neglected during this 
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time. This is also why younger males are constrained in their ability to search, since they need to search 
for food. Females may also form bonds with a succession of males (polyandry) – how often this takes 
place is unknown. The max “relationship” duration is decided by the oestrus cycle lasting up to 4 
weeks (Molnár et al. 2007).  
The timing and length of the breeding season is undecided. There have been reports of mating pairs 
already in March, and a suggestion was made that the mating season started in early March, lasted to 
early June and climaxed between April and early May. Yet, serum steroid levels in male polar bears 
indicate that the mating period takes place from early April till late May (Molnár et al. 2007).  
Molnár et al. (2007) has modeled the polar bear mating system, and this is the result:        
261 and 220 mature polar bear males and females were sampled respectively. Of these 64 males and 
females had bonded, 24.5% of the males, and 29.1% of the females. These were documented between 
5th April and 28th May. The peak of mating was noted at mid-April with 33.8% and 40.7% of the males 
and females having paired in April, followed by a decrease till the termination of the mating season, 
with 15.3% and 17.9% of males and females having mated in May.  
The mating dynamics are well-expressed in the model, with a broad climax after initial pair formations 
due to prolonged “relationships”, and a steady fall in mating couples as they start to separate and fewer 
unfertilized females are left for mating.  
Success of mating is a non-linear function of the population sex ratio. Once the breeding success begins 
going downhill because of male meagerness, an additional small loss of males will intimate a large 
decrease in mating success, indicating a fast flop in reproduction. Besides the sex ratio, breeding 
success also depends on the overall number of available breeders, and as the number decreases, a larger 
proportion of the breeding male bears are obligated to sustain a steady level of breeding success. In the 
case of Lancaster Sound a sex ratio of m0/f0 = 0.67 is enough to acquire 95% breeding success with the 
estimated number of breeding bears there; m0/f0 = 1.55 is needed at half that number and m0/f0 = 4.43 
at 1/3 that number. A 95% breeding success with ¼ that number cannot be achieved at all with a 
realistic sex ratio. The latter 2 examples show the possibility of occurrence of an Allee effect (see 
5.1.9) of declined female breeding success at low numbers of a breeding population, even given the 
natural sex ratio of a polar bear population with 2-3 males per female. So, even though a lesser amount 
of males suffices to keep up successful breeding at high population numbers, a potential fall in mating 
success caused by lack of males in a population would be more severe at higher densities for the reason 
of the aforementioned non-linearity of the mating success in connection to the ratio of genders. There 
should thus be found a threshold for the maximum sustainable portion of the population that can be 
killed, and the extent of sex-bias in the kills.             
The nonlinear connection between female breeding success and the population sex ratio is seen in the 
models, regardless of parameters used: rate of pair formation, duration of bond, ability of males to 
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mate, duration of breeding season. Likewise, success of female breeding and therefore the threshold 
sex ratio, underneath which success of breeding decreases, depends on numbers, heedless of model 
parameters.  Female breeding success becomes less density dependent and exclusively sex ratio 
dependent as the rates of pair formation increase. Success of breeding is most susceptible to pair 
formation rate, especially at low densities and somewhat vulnerable to ability of males to mate, which 
gains in significance as the population becomes denser and balanced with female-biased operational 
sex ratios. Conversely, the duration of pair association, and therefore polyandry prevalence, as well as, 
mating season length have a small impact on breeding success.  
2.4 Importance of sea-ice 
The ice of the Arctic is a significant component of the Earth’s climate and at the same time can be an 
indicator of the changes in the system. Sea ice has a much greater albedo (> 0.6) than water (~ 0.07). 
Together with rising temperatures, a positive feedback loop response is expected, since more heat is 
absorbed as a result of ice (Bobylev et al. 2008).  
It is reported that total sea ice has declined in extent over the past few decades, especially over the 
continental shelf and in amount of perennial ice in the polar basin.  
Sea ice is the single most important niche for polar bears, as they almost exclusively depend on it for 
sustenance (Derocher et al. 2004, Stempniewicz 2005). Studies show that important changes in 
seasonal sea ice extent and distribution both regionally and globally already are occurring and this will 
significantly influence the reproduction and survival of seals and polar bears (Derocher et al. 2004, 
Bentzen et al. 2007, Cherry et al. 2009, Dowsley 2009, Stirling et al. 1993, Thiemann et al. 2008). It is 
their hunting platform (there is one recorded case of seal capture in open water, but this seems to be 
unusual (Stirling et al. 1993, Bentzen et al. 2007) on which most of the year is spent, with exception of 
the ice-free period. In Hudson Bay this period ranges from July to November, after which polar bears 
return to the ice, except for pregnant females that stay on land till February/March, whereupon they 
return together with their cubs (Derocher et al. 1993, Cherry et al. 2009). Effects of long term sea ice 
variation on polar bears in Greenland have been demonstrated. It is suggested by Stirling et al. (1993) 
that there may be impacts by timing and extent of sea ice break up and freeze up on seasonal 
movements and general distribution of polar bears. Open water with strong currents may serve as a 
barrier to extensive movement of the bears in south-eastern Baffin Island and eastern Beaufort Sea 
(Stirling and Derocher 1993). 
As polar bears are the last link in the food chain, they depend on what goes on in the lower trophic 
levels. On this note, primary productivity is said to initially rise with more open water and thinner ice 
permitting vaster amounts of penetrating sunlight. Yet, as deeper waters get warmed up, biological 
productivity may take a dive, as happened off shore in south California (Stirling and Derocher 1993) 
(funny fact). 
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Ringed seals and bearded seals are the main prey of polar bears, and also depend on sea ice for 
survival. The most important hunting season in the southern ranges of the polar bear population is from 
early April, when the ringed seal pups are born to July, when the ice breaks up (Stirling et al. 1993, 
Derocher et al. 1993). Additionally, sea ice is the habitat for mate search and breeding, connection to 
terrestrial maternity denning areas and a substrate on which long distance movements can be made 
(Stirling et al. 1993, Thiemann et al. 2008). So, according to Thiemann et al. (2008), the local number 
of bears depends on how much sea ice suitable for habitat is available, generally defined as a mixture 
of stable ice adjacent to land, and dynamic pack ice offshore.   
There may be great variation in ice distribution and percentage of cover throughout the years and in 
different parts of the Arctic as well as have different effect on polar bear populations in different 
latitudes, giving some clues as to how polar bears might respond (Stirling and Derocher 1993).  
 
Figure 3. Map of the Canadian Arctic. BB: Baffin Bay, FB: Foxe Basin, WH: Western Hudson Bay, EH: Eastern Hudson 
Bay, DS: Davis Strait (Stirling and Parkinson 2006) 
There are different types of sea ice, and the way it is distributed over water of varying depth and 
locations is important for the bears. Their preferred habitat is annual ice over the continental shelf 
(where the seal densities are higher than further away from the shore) and inter-island archipelagos 
around the polar basin. The Beaufort Sea area is usually ice free in the late summer and bears are 
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forced further from the shore onto perennial ice that resides over deeper and less productive waters. 
Some Beaufort polar bears have been observed recently to spend the late summer period on land.  
According to Stirling et al. (1993) there are at least 3 ways in which hunting success of polar bears may 
be affected by a warming climate- 1) reduced access to seals, 2) decline of seal population, and 3) other 
effects on the marine ecosystem that impact productivity. The general assumption is that the southern 
ranges of the polar bear habitat will be affected first (Stirling et al. 1993, Thiemann et al. 2008).  
Historically, there is evidence that polar bears ranged much further south than at present (for instance 
St. Matthew Island (Alaska), which more than 350 km south of Bering Strait), during periods of 
climatic cooling, but the fossil record is meek and knowledge as to how the bears may have reacted to 
earlier climatic variations is in short supply (Derocher et al. 2004, Amstrup 2003). 
Cherry et al. (2009) claims that regardless of the vast sea ice changes the exact reason for the lower 
availability of prey in Beaufort Sea is yet unclear. It is suggested that hunting may have become less 
successful, and that the ice melting in combination with strong wind storms formed sites of ice 
wreckages making access to seals more cumbersome. It is even believed that these adverse climatic 
conditions are blameworthy for a drowning event with 27 polar bear casualties, indicating the 
importance of sea ice in lives of polar bears, as well as, their susceptibility to climatic change (Cherry 
et al. 2009). It has been found that a smaller proportion of females is now denning on the ice, and 
greater numbers of bears den on land in Alaska, supposedly for the reason of more open-water 
territories (Thiemann et al. 2008). 3 cases of cannibalism have been detected in 2004 and 14 places 
where the bears have clawed through solid ice in an attempt to catch ringed seals, which is assumed to 
be because of lack of a suitable ice platform (supposedly for hunting, so because of food shortage). 
Studies have found that once the open-water period exceeds about 125 days, the bear population starts 
to decline. Thus, by the current ice situation, populations of polar bears are anticipated to decline rather 
fast (Thiemann et al. 2008).     
2.5 Denning 
As the breeding period (April - May) is close to the max annual ice distribution, it is unlikely that 
climate warming will affect breeding as much as feeding (Stirling and Derocher 1993). During autumn, 
multiyear pack ice moves south and the water between the pack ice and the coast starts to freeze over, 
making way for female bears to terrestrial denning areas. If this relationship experiences changes, it 
may not be possible for females to reach those areas. As a way out, females may stay on the perennial 
ice and den, as already practiced by many in the south Beaufort Sea area (Stirling and Derocher 1993), 
or they may go on land before break-up and try to fast there till autumn, as in the current case of 
Hudson Bay pregnant bears (Stirling et al. 1993, Dyck and Kebreab 2009). It seems more problematic 
to den on land since food is scarcer on land and contact with humans is more likely. Being able to den 
on perennial ice seems like the more optimal solution (personal speculations).  Some bears from higher 
latitudes, such as the areas of Beaufort and Chukchi seas, retreat to perennial ice of the polar basin each 
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summer (Derocher et al. 2004). A serious problem could arise if higher amounts of precipitation in the 
form of rain would fall, causing the bear dens to collapse before the mother and cubs have left it. This 
was registered in the beginning of spring 1990 in Manitoba (south of Churchill), in the form of large 
snow banks along creeks and rivers used for denning that collapsed due to the weight of wet snow 
(Stirling and Derocher 1993). If there had been dens in any of those banks, the bears would have likely 
been crushed, and in fact a female bear and her cubs have been reported crushed by Stirling et al. 
(1993) when their den collapsed near Beaufort Sea coast, although it is not known whether the rain was 
the culprit. The adult female bears are also the most significant ones for the overall population survival, 
since if >2 % of the females are lost annually, the population will decline, according to population 
modelling (Stirling and Derocher 1993). In fact, this is taken into consideration when managing bears 
and other wildlife populations, which will be considered further in the management chapter.  
2.6 Fat storage 
Regardless, of where the bears move to once the ice retreats (unless it is a food storage room), it is vital 
that they have gathered enough fat to last them through the summer or till the ice advances once again 
and their preferred prey is accessible. It is hypothesized that the shrinkage of sea ice will have a 
negative effect on the polar bears, as their reproduction and thus survival as a specie, depends on their 
bodily condition, which is measured by how fat they are; and the fatter the better (Stirling and 
Parkinson 2006, Cherry et al. 2009, Dyck and Kebreab 2009, Thiemann et al. 2008). Much of their life 
history rotates around storing large amounts of fat when the hunting is prosperous, and thereafter, using 
those stores when food is low (Derocher et al. 2004). It appears according to Stirling et al. (1993), that 
bears will remain on the sea ice for as long as possible, which is seen from the summer of 1992, where 
the female polar bears of Western Hudson Bay came ashore 21 days later than the previous year, due to 
a longer ice period, said to be caused by the eruption of Mount Pinatubo (Stirling and Parkinson 2006). 
However, it also appears that much is unknown about polar bear behavior, their feeding strategies and 
adaptability. This will be the topic of chapter 4. 
If polar bears of WH kill similar amounts of ringed seals weekly as do the bears of the high Arctic, this 
will amount to approximately 1.5 seal kills per female before coming ashore, assuming a constant seal 
availability. With the majority of the seals killed being ≤1yr, the weekly fat consumption will be 
around 25 kg or more if adult seals (more than 90% of the fat is digestible). According to an estimate of 
1°C warming = 1 week earlier break-up, a situation might arise where the females may come ashore up 
to 10 kg lighter (≈22 kg of digested seal fat minus metabolic cost for a week’s worth of hunting) 
(Stirling and Derocher 1993). It is also known that adult fasting polar bears loose an average of 0.85 
kg/d during relative inactivity (Stirling and Derocher 1993, Derocher et al. 2004). If an assumption is 
made that a weeks earlier break-up might be accompanied by a similar delay in subsequent freeze-up, 
we have a 2 weeks shorter hunting period on our hands, leading to an overall 22 kg weight loss by 
polar bears (10 + additional 12 kg due to 2 weeks fasting). On the other hand, as the prior to ice break-
up period is the most important period for seal hunting, the post freeze-up period might be less 
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important for the fat accumulation, although, this is speculative. According to several studies carried 
out, during the last 3 decades there has been observed an 8.9% shrinkage of ice per decade in 
September and 2.5% shrinkage in March (Badashova et al. 2008), suggesting that there is no such 
symmetry between the melt down and freeze up period of the ice as one might have thought and 
actually that the post-meltdown shrinkage is over 3 times as big, indicating a shortening of the hunting 
period by whole 3 weeks in autumn as opposed to 1 in spring. The biggest ice shrinkage of 10.5% is 
seen at Greenland Sea, as well as, Baffin Bay and the White Sea (Badashova et al. 2008).  
Evidently, hunting success declines in the course of the winter, and the lowest body weight is reached 
by bears in spring (Bentzen et al. 2007, Cherry et al. 2009). There seems to be some confusion about 
when the highpoint of feeding occurs: in late summer and fall according to Bentzen et al. (2007), but at 
2-3 spring months succeeding March according to Cherry et al. (2009). The second timing makes more 
sense, since the seal pups are born in spring (at least in the southern ranges, according to Derocher et 
al. (1993) and Stirling and Derocher (1993), as mentioned on page 13).  
This concords with the statement by Cherry et al. (2009) and Dyck and Kebreab (2009) that polar bears 
normally are in a condition of hyperphagia during spring, and the current rise in fasting during April 
and May implies that there has been a deficiency of food in that period. 
As point of departure, when the article by Stirling and Derocher (1993) was written, the time spent 
fasting was 4 months (corresponding to the open water period (Derocher et al. 2004) for males and 8 
months for pregnant female polar bears in Hudson and James Bay (Bentzen et al. 2007, Brook et al. 
2002). Polar bears are adapted to fast, but they will feed if opportunity arises, and adapt to a novel item 
of prey (Brook et al. 2002, Derocher et al. 2000, Stempniewicz 2005, Dyck and Kebreab 2009). Cherry 
et al. (2009) points out that polar bears have the capability to enter the fasting state at any given time if 
they have sufficient fat reserves in their body. It has been reported that adult males eat less during the 
mating season, probably because all the attention goes to finding and keeping mates. A bigger share of 
males fasting in 2005-2006 could partly be explained by more males breeding (since males neglect 
food search during breeding, as mentioned in 2.3) as a consequence of a recent fall in survival of cubs 
of the year (COYs) and recruitment would mean more lone females for mating. The rise in occurrence 
of fasting would be anticipated to signify a decrease in body condition, however, there was no 
noticeable difference in body mass during the years. The body weight of polar bears depends on the age 
and gender of the bears. Thus, comparing estimated weights inter-annually must be carried out with 
care. A rise of fasting bears in 2005-2006 compared to 1985-1986 may not have been extensive enough 
to result in general declines of estimated weights. It has been documented that ringed seals were at a 
low during the mid 1980s, with a low birth rate among polar bears at the same time. Polar bears 
captured in 1985-86 were thus probably in a worse body state compared to years of higher ringed seal 
numbers. The recent rise of fasting bears may suggest an even harder time acquiring food than in the 
mid 1980s (Cherry et al. 2009). Other than the recent fasting is probably likewise connected to food 
shortage (or higher level of breeding, resulting in more adult males fasting, due to less COYs 
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surviving, because of food shortage), I don’t see why it is suggested to indicate an even harder food 
situation for the bears than in the 1980s.   
2.7 Body condition of the bears 
The minimum weight for females that are able to successfully reproduce has been made out to 189 kg, 
while the average presently (around 2005) is 230 kg (lone adult females in fall) (Stirling and Parkinson 
2006), not so much compared to the mean of 283 kg for years 1982 to 1990 (Stirling and Derocher 
1993, Derocher et al. 2004).  
 
Fig.  Mean mass estimate of single female bears in WH during 1980-2004. (Derocher et al. 2004) 
If their weight continues to decline in a similar fashion, they may be unable to reproduce in 20-30 years 
(Stirling and Parkinson 2006, Dyck and Kebreab 2009). Derocher et al. (2004), however, estimates, 
that if the ice period shortens by 0.5 d/yr in a linear fashion, in about a century, most polar bear females 
of WH will be unable to reach the minimum reproduction weight.  
On the other hand Stirling and Derocher (1993) claims that having fed for 3 weeks longer, as seen in 
1992, it would be expected for the bears to come ashore 25-30 kg heavier, whereas in practice they 
were only 15 and 6 kg heavier, adult males and females respectively. This should then suggest that the 
polar bear population on Western Hudson Bay has reached its carrying capacity in relation to the ringed 
seal population which is their main food source (Stirling and Derocher 1993). Dyck et al. (2007) 
cautions that density dependence in population studies can be difficult to show, with the sensitivity of 
the phenomenon on spatial scale covered by population sampling techniques. Polar bears in the 
Canadian Arctic have been shown to exhibit great variance in body size and reproduction over 
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relatively short periods (2-3 years) as a result of changing ice conditions (Derocher et al. 2004) as well 
as longer periods (>10 yrs). Stirling and Derocher (1993) further suggests that if 3 weeks additional 
hunting does not enable bears to increase in fat reserves significantly, then an earlier break-up will have 
a significant negative impact on body condition and thus reproduction. It should be mentioned that the 
female bear samples consisted of only 5 and 9 individuals in the years 1991 and 1992 (and the male 
sample sizes are not listed) which is not an inexhaustible source of information. It is, furthermore, not 
stated how these individuals were chosen, and how well they represent the overall population, whether 
or not they were of the same age, for example. Additionally, it is apparently not the same bears, masses 
of which are being compared from year to year, meaning that there could be a different result if the 
same specimens were actually used. It would also be relevant to include other potential causes of the 
suboptimal weight gain – perhaps it was not necessary for the bears in question to gain more weight? - 
we are only given comparative data and not absolute values; or another issue such as disease, 
pollutants or stress due to continuous handling? Would a similar situation arise in other polar bear 
populations?  According to Cherry et al. (2009) observed cases of starvation among polar bears in the 
wild are rare. Another question is of course, whether the observations are rare or the occurrences 
themselves. It seems thus, that the studies carried out have holes in them. We need, as Dyck et al. 
(2007) also states, a more complex assessment, and deeper knowledge of the polar bears’ behavioral 
plasticity in order to make any conclusions.  
2.8 Effect on main prey species of bears 
Reduction in sea ice and change in its composition may also negatively affect the main prey of polar 
bears, the ringed seals, as well as, make them less available prey (Stirling and Derocher 1993, Cherry 
et al. 2009, Thiemann et al. 2008). The enhanced precipitation expected to result from climate warming 
may have both positive and negative effects depending on whether it comes down in the form of rain or 
snow (Stirling and Derocher 1993). If the first, the rain could cause the birth layers of seal pups to 
collapse (as is the case with polar bear dens), exposing them to heavy predation by both polar bears, as 
was the case in the middle of spring of 1979 on southeast Baffin Island, which was exposed to 
unseasonably heavy rain fall. In such circumstances, the arctic foxes may also be important 
contributors to predation (Stirling and Derocher 1993). If the latter, it could be beneficial to the pups in 
the birth layers, receiving an extra snow layer of protection against predators. Evidently, more 
precipitation in the form of rain may result in a thinning out of the seal population, and consequently 
the polar bear population (Stirling and Derocher 1993, Cherry et al. 2009), unless the bears change 
hunting strategy. 
There is apparently evidence that less ice in winter and more open water territories in summer would 
benefit other potential polar bear food species, namely, bearded seals, harbour seals, harp seals and 
walruses. It is unclear whether this would be of advantage to polar bears, and to which extent. It has 
been speculated that global warming may lead to seal plagues, as a consequence of their rise in 
numbers (Stirling and Derocher 1993). Should this ever occur, I am sure that bears alongside people 
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will gladly take advantage of the situation, notwithstanding the fact that it may have other negative 
impacts on the ecosystem as a whole, and thus the people. 
Effects of warmer temperatures in the High Arctic are expected to be of benefit to the polar bears, as 
much of it is covered with perennial ice at present, which is not a favored habitat by ringed seals, and 
therefore does not support great numbers of polar bears (Stirling and Derocher 1993, Thiemann et al. 
2008). An increase of annual ice percentage would thus be favorable to ringed seal populations. 
Therefore, if the climate warming was a linearly increasing quantity, this could initially boost the High 
Arctic polar bear population, but eventually would follow up to the responses projected to happen at 
Hudson Bay, and finally, as the sea ice disappears completely, the polar bears would go extinct 
(Stirling and Derocher 1993, Cherry et al. 2009). This is, however, just a theory and likely an 
oversimplified one, as climate warming incorporates much more than a linear trend – specifically, 
cyclic variations, which is a topic of the next chapter. Personally, I have heard a lot about the main 
cause of climate warming being human activity (let out of greenhouse gases), but is that the whole 
story? In the following chapter I will consider the main mechanisms behind climate change and what 
the scientists with the latest study results have to say.         
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3.0 Climate Change 
An increasing number of studies suggest that climate change is happening in the Arctic and that the rate 
of this occurrence may increase (Derocher et al. 2004, polarbearsinternational.org).  
The warmest temperatures are supposedly being experienced in the Arctic in the last 4 centuries. It is 
noted that the former warming events of similar magnitude were only episodic and local (as opposed to 
global). An effect on the patterns of sea ice and considerable decrease of it in area is being reported 
(app. 2.4 million square kilometers) by the Intergovernmental Panel on Climate Change, the Arctic 
Climate Impact Assessment and the U.S. EPA (polarbearsinternational.org, bear essentials).  
An interesting twist to the problem lies with the still residing doubts as to whether climate change is 
caused by humans or due to natural variation. From what I found there seem to be opposing views on 
the topic. 
According to polarbearsinternational.org and IPCC hundreds of climatologists taking part in the 
Intergovernmental Panel on Climate Change have concluded with 90% certainty that the Arctic climate 
change is a direct result of large amounts of greenhouse gases being emitted by humans, with possible 
additions by the natural forces, but anthropogenic C outlet remaining the main culprit (Stott 2009,). 
Here, scientists predict a largely ice free summer of 2040 in the Arctic if the present patterns of 
greenhouse emissions follow up. There is said to be a precise correlation between C outlet in the last 
century and that of the Earths temperature. It is also stated that solar radiation is of minor importance in 
this context (IPCC, publications and data). This conflicts with certain other authors, who claim that 
solar activity is in fact the most important influence in climatic variations. One such author is Daly, 
who claims that historically, major climate variation events such as the Medieval Warm Period (AD 
700 - 1300) and the Little Ice Age (AD 1560 - 1830) were most likely caused by the sun. According to 
him, the medieval warm period was significantly warmer than current temperatures, in the absence of 
anthropogenic emissions and presents an IPCC graph from 1990: 
 According to this graph, the present situation is 
somewhere in between the 2 other mentioned climatic 
events. 
This was before the Hockey Stick graph of Mann et al. 
became famous. 
 
Graph 1. Global temperature since 900AD. Shows the global temperature variation during years 900-2000 (Daly). 
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Here we have the hockey stick graph, which 
is in complete contrast to the previous 
graph.   
Daly claims that ring tree studies, which are 
the main basis that Mann et al. use for 
deriving this graph, are inappropriate. 
Additionally, the seen error margins are 
quite significant. 
 
Graph 2. Temperature during 1000-1998 in Northern Hemisphere. Shows the temperature variation in the Northern 
Hemisphere from 1000 to 1998. The light grey lines depict the error margins (Mann et al. 1999) 
Another author is Frolov et al. (2007), who claims that an investigation of the Arctic ice data during the 
20th and beginning of 21st century does not validate the rash conclusions that the sea ice may disappear 
from the Arctic completely by the 22nd century, as various scientists predict.  
A characteristic of climatic variations in the Arctic in the 20th century is according to Frolov et al. a 
variation of cooler and warmer periods. A cool period in the beginning of the 20th century was 
apparently succeeded by a warmer period in the 20s-40s, then again by a cooler period from the end of 
the 50s to the end of the 70s, and finally by a warmer period in the end of the century with a maximum 
at the late 90s, early 0s. Duration of the given cycle is close to 60 years. 
 
Graph 2. Temperature changes in the 20th century. Shows changes in the average annual air temperature in the latitude 
degrees 70-85 in the 20th – start of 21st century and their 60-year component (Frolov et al. 2007)           
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Frolov et al. (2007) and Gudkovich et al. (2009) speak of cycles in climatic variations with periods of 
50-60 years, ~ 20, 8-12, 5-7, and 2-3 years. According to them low frequencies are prevalent (50-60, 
especially during summer and approximately 20 years) in the western region of the Russian Arctic and 
high frequencies (2-3 and 8-12 years) in the east. Climatic variations are formed by long-term cycles of 
10 years and more, as well as, by linear trends, which, possibly, are part of ultra-secular (>100 years, 
google translate, 28/05/10) variations.  
Frolov et al. (2007) stresses that when assessing the significance of the separate components of long-
term sea ice variation, it is important to remember that their role in climatic changes is considerably 
higher. If, the high frequency variations that are not connected to climatic changes are excluded when 
determining the distribution, different assessments will be obtained. This demonstrates the complexity 
of the climate system that has been mentioned. 
 
Graph 3. Sea ice area in Kara Sea during 20th century: Y axis: area of sea ice in 1000 km2, X axis: years. Shows the 
extent of sea ice in the Kara Sea in the 20th century, which clearly shows (as in the air temperature) the main 50-60 year 
cycle (Frolov et al. 2007) 
Here again is demonstrated the 50-60 year cycle and a significant shrinkage of the overall Kara sea 
ice area during the 20th century, which may or may not be part of a greater cycle, as was mentioned by 
Frolov. The mentioned 60 year cycle, as well as, some of the others is of interest, since it seems that 
there is no mention of them elsewhere, specifically IPCC. Nor are the cycles clearly visible from other 
graphs of temperature or sea ice extent in the Arctic that I have come across, as they are here.  
Besides the overall sea ice area, climate change also affects its other characteristics, such as thickness, 
density, border positions of perennial ice, mechanism of ice drift in the Arctic Basin etc., all of which 
may likewise be of importance to polar bears and the Arctic ecosystem as a whole. A different 
distribution of sea ice could for example mean a different distribution of bears. 
Furthermore, Frolov et al. (2007) claims that there are many facts pointing towards the importance of 
solar activity variation in the formation of the 10-20 year cycles (arctic oscillation) or perhaps even the 
ultra-secular cycles in the atmospheric circulation variations and the associated arctic sea ice area, even 
though there are no generally accepted mechanisms that could explain the solar influence on climatic 
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changes of the Earth. Frolov et al. (2007) and Gudkovich et al. (2009) state that the variation of the 
solar constant (standing for solar radiation intensity), which is dependent on the distance between the 
Earth and the Sun and undergoes 60 year cycles, comprises double the effect that would be estimated 
for greenhouse gases if their levels in the atmosphere rise 2-fold! 
According to Soon (2005) solar forcing explains more than 75% of the arctic annual mean (smoothed 
over a decade) or spring surface air temperature (SAT) variability, and the annual mean or seasonally-
averaged Arctic SAT variations are a lot like the cyclic variations obtained for the total solar irradiance 
(TSI) forcing. 
A carbon emission dominated forcing of Arctic SATs, on the other hand, is inconsistent with both the 
extensive multi-decadal warming and cooling, and the similar amplitude of warming trends between 
cold (winter) and relatively warmer (spring and autumn) seasons found in the SAT records of the 
Arctic (Soon 2005).  
An important internal factor affecting climate change, according to Frolov et al. (2007) is the auto-
variation in the ocean – sea ice – atmosphere system, which generates related changes in the Arctic and 
perhaps the vast adjacent areas. 
According to projections for the 21st century based on the 20th century, a continuation of significant 
influence of the natural cyclical variations is expected, during which both increases as decreases of the 
air temperature and ice cover area in the Arctic will be observed (Frolov et al. 2007).  
Graph 4. Average annual temperature changes in 
70-85 degrees n.l. during 20th century and 
background forecast up to 2060: Y: temperature 
change in degrees Celsius, X: years. Shows the 
average air temperature changes in the north latitude 
degrees of 70-85 and the background forecast up to 
year 2060 (Frolov et al. 2007) 
As seen from the graph, the latest warm 
period, stably starting in the middle of the 
1980s and continuing presently is not 
completely over. Its peak in the arctic zone 
was in the mid 1990s, and very likely will 
end at around 2015-2020. Thus, in the nearest 10-15 years, the hydro-meteorological and sea ice 
conditions in the Arctic are going to take place in the background of heightened air temperature with a 
gradual lowering of the temperature by mid-30s of the 21st century (Frolov et al. 2007).  
There are also exemplified a number of other factors that may influence the climate, but because the 60 
year cycle is said by Frolov et al. to be of most importance in the Arctic (and importance of various 
factors changes over latitude and longitude) and for the sake of keeping this section concise I choose to 
leave them out.  
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Graph 5. Upper figure: Comparison of changes in 
TSI and the average annual air temperature 
abnormalities (∆Ta) to the north of 62° north 
latitude: X: years, Y: TSI in watt per square meter 
(left) and temperature change in degrees Celsius 
(right). Changes in TSI and average annual 
temperature abnormalities in the region north of 62 
degrees n.l. are compared for the period 1880-2000 
and associated linear trends and approximations are 
shown. Lower figure: Changes in the atmospheric 
CO2 content and air temperature during end of 19
th 
and 20th centuries: X: years, Y: parts per million CO2 
(left) and temperature change in degrees Celsius 
(right). Shows change in air temperature and CO2 
content in years 1880-2000 (Gudkovich et al. 2009). 
Gudkovich et al. (2009) presents the graphs, 
and derives from them that solar variation has 
much more impact on the climate variations 
than does CO2. It is true that there is visible a 
tight correlation between the upper line 
representing solar radiation and the lower 
line representing temperature change in the 
upper graph. The lower graph does not show 
such close correlation, where the 
temperature variations are cyclical while the 
CO2 levels increase more or less linearly, suggesting that temperature changes independently of CO2 
rise. 
While not supporting the greenhouse theory, Gudkovich et al. presents a graph resembling the hockey 
stick graph: 
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Graph 6. Homogenized abnormality values of SAT of the northern hemisphere and wolf numbers (N) (sunspot 
numbers) during past 1200 years: X: years, Y: wolf numbers (left), temperature change (right). Graph shows 
homogenized abnormality values of the average annual surface air temperatures of the northern hemisphere (lower line) and 
wolf numbers during years 800-2000, the smoothed lines are the corresponding approximations (Gudkovich et al. 2009).  
The period 1978-2003 is reported to show a high speed of Arctic sea ice shrinkage per decade, from 
3% and up to 4.5% (Bobylev et al. 2008, Alekseev et al. 2009, Cherry et al. 2009). Especially notable is 
the ice shrinkage in September during the 20th century, comprising whole 9.6% per decade, and 
shrinking by 1.4 million km2 on average in the northern hemisphere in September since the end of the 
1970s (Bobylov et al. 2008, Khon and Mokhov, 2008). During September 2007 is noted the minimal sea 
ice area in the Arctic Ocean throughout the history of satellite observations – around 4.3 million km2, 
meanwhile it was approximately 7.5 million km2 in the end of the 1970s (Khon and Mokhov, 2008, 
Shutilin et al. 2008). Bobylev et al. (2008) like IPCC suggests that the Arctic may be ice free by 2050. 
3.1 Discussion of climate change 
I have come across sources with contradicting information. While most of the English sources I have 
come across seem to claim that climate is warming and progressively so, the Russian, as well as, some 
English sources point out that the climate system has various cycles by which it warms and cools in an 
exchangeable manner throughout time, and that the main driver of these changes is the sun, and not 
human activity. Organizations such as IPCC, bearden.org, polarbearsinternational.org (incl. Mann) 
support the theory of anthropogenic influence, while Frolov et al., Gudkovich et al., Daly, Soon speak 
of falsification of data by the proponents of that theory, since there are supposedly obvious factors 
speaking against it. This is interesting, as there must be one side that is mistaken. Gudkovich brings 
attention to the fact that more scientists are rejecting the greenhouse theory. It is hard to believe that 
there is a whole community of deliberate falsifiers of scientific facts, especially as it is not in our own 
favour in the case of the greenhouse theory. If the theory is not true, then it is simply endearing that it 
came to exist, as it shows that humanity wants to take responsibility for its actions and views itself as 
an utterly important element of this planet to an extent that it biased itself into a theory. Another 
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interesting element, is Frolov’s and Gudkovich’s mentioning of 60 year cycles and other cycles, which 
seemingly are not common knowledge in the English speaking world, and poses the question of 
whether this is because of a language barrier. If it is, for the scientific basis for those articles seems to 
be intact, then one can only wonder how the communication situation is not better in our modern, high 
technology world, especially in respect to such burning topics as climate change. It is undoubtedly the 
fault of the Russians, they should know English, since the rest of the world speaks it. Alternatively, the 
English speaking people could take more interest in the Russian scientists, knowing how brainy they 
are in natural disciplines.  
The authors agree that there is evidence of climate change, which has to be dealt with. The climate is 
evidently a very complex system and prone to change. The notion of climate change thus seems to be 
undeniable; whether it is a warming or a cooling can sometimes be difficult to figure out. In a personal 
and very clear example I can say that I have experienced perhaps the coldest and longest winter in my 
life in Denmark during 12.09-03.10 (and heard testimonials from friends around Eastern Europe, as 
well as the States of similar observations) in the midst of all the global warming debate; so things have 
a tendency of being not what they seem. If the greenhouse theory is not true, it takes much 
responsibility of our shoulders, but still we have to cope with what is going on around us. As one of the 
article authors rightly said, it is important to consider the possible consequences of the advancing 
climate change, and take precautionary action. This is the perfect example of putting the precautionary 
principle to use.   
In the case of polar bears, we have to put emphasis on their management, if the climate change 
situation is out of our grasp. This is also a very limited way of looking at it, since polar bears may be 
suffering from other factors as well. The chemical pollution, which we are responsible for, is an 
important example. It is a topic I originally wanted to investigate, but concluded that it would become 
too extensive to deal with within a semester. For a fuller picture of the polar bear status and chances of 
survival it would be plausible to consider more topics such as the effect of chemical pollution, 
evolution of the polar bear, including genetic considerations and of course climate change and 
management information, with a longer historical scope. To wrap it all up, it would be smart to 
consider the history of evolution and adaptation abilities (and statistics) of mammals in general.   
It remains questionable how much polar bears are/could be affected by the reported climate changes, 
and whether they would survive in the long run. The polar bear adaptation capabilities, mainly in 
respect to feeding strategies, in a changing climate are looked at in the following chapter. 
 
 
 31
4.0 Polar bear adaptability  
In this section the polar bear adaptability to climate induced changes is considered. This mainly 
includes their ability to use alternative food sources, as their reproduction and thus survival depends to 
a high degree on their ability to store fat, given that feeding is more susceptible to changes in sea ice 
than breeding (p.15).     
4.1 On polar bear feeding strategy  
Polar bears are known to be opportunistic in their feeding strategy and making use of alternative food 
sources when fat stores are insufficient. These comprise different species of mammals, fish, birds, eggs, 
different vegetation types, both terrestrial and marine (Laminaria, grass, berries) and garbage; they can 
hunt as well as scavenge (Dyck and Romber, 2007, Bentzen et al. 2007, Derocher et al. 2000, 
Stempniewicz 2005, Dyck and Kebreab 2009). Other possible sources, specifically of the southern 
Beaufort Sea polar bear diet composition are made out to be cannibalism, especially adult males 
attacking cubs/ younger or weaker bears, primarily subadults, and terrestrial mammals such as caribou 
and muskox (Bentzen et al. 2007, Stempniewicz 2005, Cherry et al. 2009, Dyck and Kebreab 2009). 
Although some reports of observations concerning food stress are available about bears in the Southern 
Beaufort Sea, there isn’t much information about how often they use these food sources, and how many 
of their predation attempts are successful (Cherry et al. 2009). Interestingly, bears are individuals with 
different skills and experiences, and thus some will be in a better physical state than others upon 
coming on-land. Those in a poorer physical state will be more prone to feed on alternative summer 
diets. And the longer the ice-free season becomes, the more bears in sub-optimal body states there will 
be and the more likely they will be to make use of alternative food sources during their summer fast 
(Dyck and Kebreab 2009).  
Dyck and Kebreab (2009) made an analysis of several possible polar bear food sources and found out 
that ringed seal blubber is 12-24 times and arctic charr is 3-5 times more energetically valuable than 
berries. A bear of 100 to 650 kg would have to consume about 0.3-1.2 kg blubber, 1.0-4.9 kg charr or 
4.3-17.6 kg and 12.7-51.8 kg of blueberries and crowberries respectively in order to balance their daily 
body mass loss (DBML). Capacity of the stomach is said to not be a constraint. An exclusively berry 
based diet seems, however, to only have the capacity to satisfy the DBML of the smaller bears, and that 
too involving a 12 hour per day feeding time (9.8 kg blueberries for bears under 280 kg, and 12 kg of 
crowberries for bears under 100 kg) (Dyck and Kebreab 2009). This is interesting to know, but it seems 
unlikely that polar bears would ever feed on an exclusively berry based diet, since their main dietary 
component is said to be fat. This study has dealt with mono-diets, that is, diets with one component, for 
simplicity, but it would conversely be interesting to consider mixed diets, since they better reflect 
reality.  
At the same time berries have apparently been shown to be a significant food source for brown bears 
when they were in a state of hyperphagia (increased appetite/ food consumption). In the case of brown 
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bears, however, a protein-containing diet is needed to get them through hibernation. The low 
metabolism state for the polar bears is quite different, and Dyck and Kebreab (2009) suggest that 
perhaps they can compensate for the protein-poverty by eating more, and using glucose from the 
berries to produce fat. This seems somewhat  speculative.  
It is acknowledged that berries as well as seals may be limited throughout the Canadian range of polar 
bears during the ice-free season, but the arctic charr (Salvelinus Alpinus) is said to be relatively 
abundant in the many aquatic bodies. There are, nevertheless, observations showing the significance of 
berries in polar bear diets at certain times, and if found in sufficient densities, which sometimes is the 
case, they apparently have all the preconditions for being a viable food source and weight maintenance 
strategy for a time (Dyck and Kebreab 2009). The only documented observations of polar bears feeding 
on berries stem from Hudson Bay and Davis Strait, and since large quantities of berries apparently are 
consumed (Dyck and Kebreab 2009) it means that berries do have an important role in the overall polar 
bear diet. Studies have shown that females with cubs have slowed down weight loss and even gained 
some weight from feeding on berries, which has been verified through feces analysis and stains on 
teeth and fur. The source argues that bears are accustomed to fasting and that it is a normal state of 
things, but if climate changes so that the bears are forced ashore with less than the optimal amount of 
fat stored in their bodies, additional energy sources are available. Dyck and Kebreab (2009) are of the 
opinion that these sources (berries, eggs, birds etc.) would be sufficient to maintain the necessary 
weight for reproduction, and ultimately survival, but do not take it upon themselves to judge what 
might occur should the ice disappear entirely. In all fairness, it is a tough assignment, but offhand it 
seems that the bears would not be able to cope with absence of ice. On the other hand, it does not seem 
likely that all the ice in all the arctic would melt. Dyck and Kebreab (2009) also express the opinion 
that behavioral data on polar bears is sparse, old, and mainly constricted to one region (Hudson Bay), 
which makes it hard to assess whether climatic changes, that are said to influence the bears since the 
early 1990s, have changed their feeding strategies from the early 1970s up to present. Estimates of the 
proportion of time spent by the bears feeding varies from 3% to 24% (with only those 2 documented in 
the source), implying that much too little is known about the bears daily activity at present. Much more 
information would therefore be necessary to make any valid conclusions as to the polar bears’ 
adaptability to climatic changes. The recommendations are thus that many more studies should be 
carried out, through different means, and also with captive bears; and that the ones existing for western 
Hudson Bay should be renewed, as they stem from 1986-1991, before changes in the polar bear 
ecology were detected (Dyck and Kebreab 2009).    
Seals are most commonly captured on sea ice, but separate incidents of seal capture during the ice free 
season in different polar bear populations have been known to occur (FB, WH, and DS). It is unknown 
how many bears may acquire this skill in the long-run. Traditionally, polar bears hunt seals by stalking 
and may be mistaken for a piece of ice by the seal, which makes it easier for the bear to approach its 
prey. How the prey-predator relationship would evolve for the bear and the seal in a habitat without ice 
is put under question.        
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For instance, there is a case of overlap between the earliest bears leaving the sea ice before break-up 
and the nesting period of snow geese located on Cape Churchill Peninsula (one of Canada’s prime 
polar bear habitats in northern Manitoba) by 2 days, and expected to increase, with more bears showing 
up earlier in the nesting period, as the rate of advance of sea ice break up is 4.5 faster than the advance 
of hatching date of the geese (Rockwell and Gormezano 2008). At this rate the overlap will rise to 5.6 
days and available energy by 660% in a decade. Currently, it is estimated that 43 goose nests are equal 
to a seal-day (energy gain from a day of seal hunting). It is said to be a reservoir for the use of one or 
more bears considering that with a depredation exceeding 36 % of the nests the goose population will 
decline (according to a simulation), with 8305 nests still available at this late time in the nesting season, 
holding an energy equivalent to 190 seal days. In the case of a 5.6 day overlap the equivalent of a seal-
day will have amounted to 34 nests and 48855 nests to forage among with a total reservoir of 1438 seal 
days (Rockwell and Gormezano 2008).  
The question arises whether and to which extent the bears will take advantage of the situation- gorge on 
the eggs, fulfill the energy needed or perhaps simply become too fat to forage further, and whether sub-
adult bears, which are the earliest bears to come ashore will continue doing so when they mature (as a 
habit) or pertain on the ice now being more competitive? For the last part of the question there seems to 
be a relevant observation of individual bears leaving ice regularly to go eat goose eggs, suggesting 
some tendency towards habitual behavior.   
According to an observation of 4 bears (following of tracks) in the nesting area of geese, depredation 
was not continuous along the bears’ trails, with intact nests remaining in between the depredated ones.  
Further observations were made, with a lone bear in James Bay consuming eggs at 4 of 36 nests on a 
single foray, polar bears depredating 43 of 85 nests on Svalbard in 1987 and 91, and a single female 
bear and her cub consuming the contents of 108 nests in 1 day in 2004 on Svalbard (Rockwell and 
Gormezano 2008). The conclusion made by the author is that bears are opportunistic in their foraging 
approach, even though I would add that the approach depends on the body condition of the bear in 
question, such as with the female and cub, who after months in the den are in need of food energy 
especially.  
Temporary satiation appears to occur (bear observed resting for an hour in between foraging), but also 
a gorge-like behavior seems to be the case (sub adult male bear consuming 7.5 of seal days1 worth of 
eggs in 96 hours, having eaten out of 206 of the total 325 nests, though with unfinished business, since 
it had to be chased away for safety reasons by the observers) (Rockwell and Gormezano 2008), both 
observations not making us much wiser, as we do not know of the body condition of the bears in 
question and because it is only 2 bears. Also both observations are made out of context, since we don’t 
                                                          
1 Assuming that the eider eggs in question are comparable energy-wise to those of goose eggs (Rockwell and Gormezano 
2008) 
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know how the first bear behaved before and after, as we don’t know how the second bear would behave 
if not chased away. 
Further facts are available. Polar bears are known to gorge when otherwise food availability is scant. 
They can consume up to 10 % of their body mass in 30 min, with their stomachs having the capacity 
for 20% of their body mass (Rockwell and Gormezano 2008).  
Satiation is said to likely occur from studies of other bears such as the black and the grizzly bears, 
which eventually stop feeding on a food resource, even though it is still available (grizzly bears may 
switch to berries and other vegetation) (Rockwell and Gormezano 2008). Grizzly bears, as it turns out, 
are highly selective in their foraging (in some conditions consuming only specific parts of salmon), 
while in captivity preferring a mixed diet of fruit and salmon, which showed to increase their growth 
rate and accumulation of mass. Rockwell and Gormezano (2008) questions whether polar bears would 
show a similar behavior pattern in its foraging strategies and consume lesser amounts of snow goose 
eggs (with similar benefits of those shown by the grizzlies), as it has been shown to consume a variety 
of fruit and vegetation. The question is what that alternative food source would be, and comparing 
polar bears to grizzly bears does not seem completely warranted since the habitats are different, and in 
case of polar bears food limitations appear to be more outlined (logically I would derive: different 
conditions – different behaviors). Additionally, I would imagine there is not much fruit or vegetation to 
choose from for bears in the arctic regions. The only, again speculative, inference I can make is that 
with the overall warming climate potentially more food sources might become available, including 
more vigorous vegetation. It is hard to say how the seals would react in the long term, although, the 
literature I have seen so far suggests that it would mean a decline for the seals, since their pupping 
areas would be progressively revealed and subject to predation. A logical follow-up question would 
regard seals’ ability to adapt to less ice… but this is beyond the scope of this paper.  
It has been observed that both sub-adult and mature polar bears left solid sea ice on Svalbard to 
consume goose eggs during their nesting period, despite the fact that seals were still available (, 
implying that bears are not driven by ice break up alone (Rockwell and Gormezano 2008).    
There has been a 2-5% fall in annual survival of the sub-adult polar bear population in WH for each 
week of earlier ice break-up. The goose eggs are thought of as having a potential to solve this problem 
(given it is caused by energy lack) and even raise the population growth rate (where sub-adults make 
up 25% of the overall regional population) (Rockwell and Gormezano 2008), although this seems 
somewhat speculative to me, since it has not already happened.  
The sub-adult bears are the most likely profiteers of the overlap situation, and the total number of 
profiteers will depend on individual foraging strategies, with a potential for the occurrence of a 
“tragedy of the commons” type of situation, where 1 individual could use up a reservoir a whole group 
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could have had gain from. The goose resource is also shown to be limited, which is why other food 
sources will have to be utilized in the long run (Rockwell and Gormezano 2008, Stempniewicz 2005). 
A study by Dyck and Romberg (2007) shows that polar bears also feed on fish. This specific study 
showed that only the sub-adult polar bear male out of a company of 3 adult males, 1 subadult female 
and 2 adult bears of unidentified gender preyed on fish (arctic charr and fourhorn sculpin), while the 
others were scavenging on several carcasses of narwhals and charrs and/or eating kelp and Arctic 
cotton grass. The fish consumption was recorded on 28th and 29th of August at 9 am, with 4 fish (2 of 
each) caught and consumed the first day, and 5 fish (1 charr and 4 sculpin) were partially consumed in 
the second. The time it took for catching the fish varied from less than 1.5 min to a little over 16 min, 
and is inconsistently spread over the process (there isn’t a pattern indicating that the bear got slower 
or faster at catching the fish, nor a clear distinction of which type of fish is presumably easier to 
catch). How the energy gained corresponds to the energy lost during the hunt is unknown. This is 
according to Dyck and Romberg (2007) the first study on polar bears fish eating strategy, besides 
another study that found fish traces from bear litter in James Bay and southwest Hudson Bay, but it was 
unclear whether this was a result of scavenging or active predation. Additionally, there have 
supposedly been sketchy reports of salmon fishing at Eagle River, Labrador (Canada) by white bears in 
1778. It is thus likely that fish are a common addition to the polar bear diet during the ice-free period 
since these fish often inhabit the rivers and streams of the on-land areas where bears await the next sea 
surface freeze-over. Fishing by polar bears has also been witnessed by the locals, even though there 
have not been any reports of successful fish capture for more than 200 years. It is somewhat peculiar 
that the people who carried out this study only saw a male sub-adult fishing, whereas, normally the 
adults are better hunters and also the role-models from which the offspring learn. It must be possible to 
extrapolate this behavior to fishing as well. It is noteworthy that the study was carried out in the course 
of only 2 days, demonstrating the limit of its merit. For further information on polar bear behavior 
Dyck and Romberg (2007) suggest consulting the local traditional knowledge.    
There is also evidence of polar bears generally not feeding much while on land and depending on their 
fat storage: blood analysis suggest that bears on land do not feed and a stable- carbon isotope analysis 
also drew the conclusion that insignificant food quantities were consumed from terrestrial sources of 
food, as well as urea/creatine ratios and behavioral observations (Derocher et al. 1993, Dyck and 
Romberg 2007, Brook et al. 2002, Stempniewicz 2005, Dyck and Kebreab 2009).  
Coming back to the comparison with grizzly bears that are closely related to polar bears through 
morphology and physiology – they are known to commonly prey on caribou and sometimes muskox. 
Nevertheless, in the case of polar bears, preying on large terrestrial mammals is unusual, or at least 
scarcely documented. There are some observations of polar bears preying on Svalbard reindeer and 
chasing muskox, caribou and reindeer - ungulates in general, like their closest evolutionary ancestors, 
the brown bears (Brook et al. 2002, Derocher et al. 2000).  
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The article by Brook et al. (2002) focuses on caribou as a potential polar bear prey, and claims that 
caribou holds nutritional benefit for the bear during summer. However, there is a high energetic 
demand connected to chasing caribou, since they are very alert animals and built to outrun predators 
like wolves. Therefore, it is unlikely for a polar bear to catch a healthy adult specimen of caribou. 
Moreover, polar bears are vulnerable to hyperthermia (heat stress) during any kind of exercise, in warm 
weather especially. It is predicted that due to the big energetic cost of running, a polar bear would only 
gain energy if it caught a goose within 12 seconds. Likewise, there will only be a net energy profit for 
bears chasing caribou if the chase is very short. The energetic cost is especially high when the prey is 
small and has small caloric value, which may, nevertheless, at times, not keep bears from pursuing non-
profitable prey. There is an example of a bear overturning big rocks of several hundred kilos to get 
access to one nest, gaining at most 1 adult and 1 chick of a total weight of 0.25 kg (Stempniewicz 
2005). According to Cherry et al. (2009), this as well as cases of cannibalism is a sign of food stress 
(obviously?). 
The predatory method of polar bears is compared to that of lions – they are inefficient runners, and 
their success depends to a large degree on hiding opportunities (vegetation) and wind direction, since 
all these animals have a very keen sense of smell. Pinnipeds (33 species of aquatic fin-footed 
mammals: seals, sea-lions and walruses, Britannica, pinniped) sometimes use smell to detect predators, 
and seabirds do not. Polar bears in Greenland have, for instance, been reported to feed on reindeer and 
muskox, but there is only one report of a polar bear killing an ungulate, confirming the former 
observation (Brook et al. 2002, Stempniewicz 2005). On the other hand, it is claimed that smaller bears 
are better at giving chase, while the larger ones do better with shorter distances. It should be mentioned 
that for about 3 months annually, during the ice-free period, polar bears, caribou and muskox share the 
same area in Hudson Bay in high densities, giving abundant opportunities for their interaction 
(Derocher et al. 2000). In the case of Svalbard, there are many opportunities for Svalbard reindeer to 
interact with polar bears due to their positioning near shore or in valleys. Interestingly, (and for which 
ever reason), the Svalbard reindeer have been isolated for about 20 to 40 thousand years with no 
wolves or indigenous people in Svalbard, leaving them to evolve mostly without predation. These 
reindeer have often been seen to approach polar bears because they do not view them as predators. This 
low vigilance may heighten their susceptibility to sporadic predation. The speed of polar bears is 
supposedly unknown, but it is estimated to maximally reach 30-40 km/h, while Svalbard reindeer reach 
60 km/h on a good running surface and only 20 km/h in deep snow. The precipitation and wind on 
Svalbard is such that the snow cover is kept thin in the majority of near-shore areas. This is consistent 
with the reindeer normally being able to flee once the presence of the polar bear is discovered. The 
population of the Svalbard reindeer is probably controlled by unfavorable climatic conditions 
diminishing food availability in winter/spring. All cases of polar bears preying on reindeer take place 
during winter/spring when the reindeer are in a poorer state and easier to catch. Also, more occasions 
for scavenging are available due to higher reindeer death. This food source may additionally be vital 
for cub survival, coming out of their dens in spring with their mothers (Derocher et al. 2000).  
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In the case of chasing geese, there is evidence that a polar bear is also unlikely to catch an adult healthy 
individual. Notably, adult barnacle geese have a physiology trait that makes them occasionally 
flightless, specifically when molting primary feathers. While this is going on, together with the period 
of time when they are guarding chicks, they pertain close to water bodies (ponds, lakes or the sea) in 
order to be able to escape in case danger presents itself. This is especially practical in order to avoid 
predation by the arctic fox, which does not swim. In the case of polar bears it may be effective only for 
adult birds, since goslings are much slower and have less endurance when swimming. There have been 
observations of kayaking tourists scaring of the geese, and every time the goslings could only sustain 
the speed of their parents for a few minutes, after which they lagged behind. Goslings are therefore 
much more prone to be caught by a polar bear if pursued long enough (Stempniewicz 2005). Both the 
Polish Polar Station and Gnållbjerget (10 km away) have populations of geese of around 70 pairs, with 
2-3 young each according to observations in the start of July. The difference is that polar bears are 
chased away by the people from the first location and are left alone in the next. In the second half of the 
month, however, only 80 adult geese and no goslings were seen in the second location, suggesting 
predation by polar bears (Stempniewicz 2005). 
Another case is glaucous gull – this bird has 2 types of habitat, one is on the mountain slopes, which is 
within the reach of arctic foxes, and the other is located on inshore rocks divided by some water from 
the shore, protecting the birds from foxes, but making them vulnerable to polar bear attacks.  
Polar bears, barnacle geese and glaucous gulls often occur at the same places in the Svalbard area 
(Hornslund and the Polish Polar Station) in the same time for 5-6 months per annum, specifically while 
the birds are breeding and there are eggs and chicks present. Given the explorative nature of polar bears 
that investigate the area for potential food sources, plenty of interaction may take place between them 
and the birds (Stempniewicz 2005).   
When hunting for seals, the tactic used is often similar to the earlier mentioned lion tactic, where they 
quietly stalk their prey, relying on vision and smell to find it, followed by a short attack (Stempniewicz 
2005, Derocher et al. 2000, Thiemann et al. 2008). Hunting methodology on reindeer seems to be 
much alike.  
In the time of the snow-free period polar bears are easier to spot, making it more cumbersome for them 
to stalk prey. Fully-grown Svalbard reindeer have a weight of 41-57 kg, are of similar size to ringed 
seals, but relatively small compared to other ungulates. They are also easy to kill once caught. It was 
reported that on Wrangel Island in Russia, polar bears were only apt for catching sick reindeer unable 
to flee, and on Svalbard it was reported that even though bears and reindeer do meet, there is no 
evidence of kills. It is unknown whether polar bear predation events on reindeer have become more 
commonplace, but the observations imply a flexibility in feeding behavior of the bears and at least 
some bears presently consider Svalbard reindeer to be prey (Derocher et al. 2000).   
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Derocher et al. (1993) states that marine algae, sedges, grasses, lichen, mosses, berries and several 
vertebrates were detected in polar bear excrements along the coast of Hudson Bay, and both Derocher 
et al. 1993 and 2000 claim that the caloric value of the terrestrial food consumed was insignificant, 
although it is unclear how often this feeding occurred and what its nutritional value constituted. It may 
thus be derived that the vegetative diet component of polar bears is insignificant from a caloric point of 
view, although it may be nutritionally important. The terrestrial vertebrate component of their food 
consumption could be thought to present a greater caloric value, and given a shorter ice season may 
acquire a greater importance (Dyck and Kebreab 2009 agree).  
Evidence and conclusions on terrestrial feeding by polar bears in the study by Derocher et al. (1993) is, 
however, inconsistent with earlier studies, which may be due to alternative data collection methods. 
The previous studies focused, supposedly, on coast areas, where berries were not available, bears were 
inactive most of the time, and adult male bears that feed least of all other age classes were most 
common. Generally, bears from inland areas during late summer and autumn were not represented. 
Additionally, some of the former studies were carried out during periods when berries are not available 
at all, and information gathered by Derocher et al. (1993) demonstrated a variation in feeding from 
month to month, with September including 2-3 times more feeding bears than August and October, 
indicating that studies during months before or after September would reveal less feeding bears. 
Derocher et al. (1993) are uncertain about the importance of the fasting mode common in bears during 
the ice-free period when assessing the value of terrestrial feeding. It is for example unknown whether 
the same carbon amounts are stored by bears with a positive and negative energy balance, whether 
berries ingested are directly broken down or used in the carbon store and whether low creatinine and 
urea levels in the blood, indicating a maintenance based on fat reserves, is affected by carbohydrate 
intake, which is the main component of exportable berry energy.  
In fact, the majority of polar bears do not have access to berries in the autumn period, but polar bears of 
Western Hudson Bay show plasticity in physiology and behavior. During late summer and early 
autumn polar bears inland from western Hudson Bay eat terrestrial vegetation. For females and young 
bears that both have high metabolisms, berries may present a substrate for reducing weight loss during 
autumn. There is documentation of mother bears that stop giving milk before the end of the ice-free 
season; feeding on berries may thus prolong their capacity. If this hypothesis is true, berries could 
vitally affect overall polar bear survival (Derocher et al. 1993).    
The majority of the studies conducted concerning composition of polar bear diet have been connected 
with observations of killed prey. There is a gap in the understanding of the relative significance of the 
potential prey species of polar bears, which probably changes in accordance with gender, age, 
positioning, month, and changes in annual availability.  
It seems that the polar bear diet varies annually – estimates (based on isotope analysis) of year 2004 for 
instance showed a significant prevalence of ringed seals in their diets (53-100%), and that ringed seals 
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comprise the greatest part of the polar bear diet all year round, even though the preferred prey (up to 
80%) is the young of the year. 
Many studies have shown that polar bears prefer fat to other sources of food according to Bentzen et al. 
(2007). A study has shown that a polar bear in captivity, when permitted to choose between fat and 
meat in the diet consumed 20% ± 2 % of meat and guts. Polar bears cannot exclusively depend on 
endogenous production of vitamins, protein and calories and must have a viable diet to sustain a correct 
protein-calorie proportion and it is mostly the bears in their “best years” that primarily depend on fat. It 
is supposedly hard to figure out the exact tissue proportions utilized by the bear out in the wild. 
Evidence shows that meat from muscles and organs is a significant source of food for bears at Beaufort 
Sea during winter, even though fat is vital and may be preferred by some. Some individuals evidently 
consumed a lot of bearded seal biomass, but for the whole polar bear population sampled it was less 
than 18%. Studies indicate a variation in proportion of bowhead whales in the polar bear population 
diet annually, from 11-26% in 2003 to 0-14% in the winter 2003/2004 as well as consumption 
differences among individuals. The majority of bowhead whale carcasses are accessible to bears in 
September (in Kaktovik, an Alaskan city on the Beaufort Sea coast) after the autumn whale hunt and up 
to the middle of October (in the Barrow, Alaskan city on the Chukchi sea coast). This is also the time 
where polar bear numbers at such sights are greatest, due to the not yet formed near-shore sea ice, 
inhibiting seal hunt above shallow waters (in Alaska, Beaufort Sea). Individual bears have been seen 
returning to these sites of carcass residues in March of the following spring. Besides the rests of hunted 
whales being periodically available to polar bears, it happens that, whales, that die naturally or are 
killed and subsequently lost by people, get stranded. Reports suggest small numbers of such stranded 
whales. In the Canadian part of the southern Beaufort Sea, for example, it amounted to 4 whales in 
2003 and the same in the following year between Demarcation Point and Amundsen Gulf. The yearly 
changes in polar bear feeding on residues of bowhead whales from human hunting may be explained by 
the availability of these carcasses, as well as, ice state and thus ability to hunt seals. In Chukchi Sea, on 
the other hand, bowhead whales cannot be considered a regular food source, since they are not 
regularly hunted. Whales are therefore unlikely a major food source for polar bears, unless there is a 
regular hunt on them by humans with many biomass residues available for scavenging (Bentzen et al. 
2007).  
These studies are limited in the way that they focus on specific food species or elements, and may thus 
leave out others, perhaps less prominent ones.  
Such a source could be the grey whale, which is not usually present in the Beaufort Sea during winter, 
but if stranded may provide a food source throughout the winter due to its 11m length. Number and 
availability of beluga whales to polar bears in southern Beaufort Sea vary a lot during the year and are 
restricted in the winter time. Also spotted and ribbon seals are potential sources of food, but are said to 
be rarely occurring in this region during late autumn and winter (Bentzen et al. 2007).  
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Beluga, grey whale and walrus are potentially more common prey in the Chukchi and Bering Seas, 
being there in greater numbers and more accessible in autumn and winter than in the Beaufort Sea. 
Furthermore, there might be an overlap between the bear populations of Chukchi and Beaufort Seas (at 
Pt. Barrow), complicating the division procedure of populations during investigations and effecting 
results.    
In Svalbard (Norway) there appear to be 2 groups of polar bears, one of which mostly makes use of the 
near shore areas, while the other uses pack ice offshore. It was suggested that this is caused by 
differences in diet, yet rapid seasonal movements between offshore and the coast is reported in the 
southern Beaufort Sea and here a partitioning in space use and diet have not been observed. As 
mentioned before, thinning, earlier break-up and later freeze-up of ice is likely to reduce availability of 
seals to polar bears by keeping them on land and being more likely to make use of food sources 
available due to humans, such as whale carcasses (Bentzen et al. 2007).     
4.2 Discussion of polar bear adaptability 
Different theories about polar bear adaptability to the occurring/ forecasted climate changes and their 
behavioral plasticity in general are presented. Polar bears might add various types of prey to their 
menu, and/or catch more seals prior to ice break in order to increase energy store before entering shore 
(Rockwell and Gormezano 2008). It has also been speculated whether they could change strategy 
entirely and return to the winter hibernation phase of the brown bears, from which polar bears once 
evolved, with supplementary berry and vegetation consumption during the ice free period, as was 
observed for bears of Hudson Bay (Dyck et al. 2007). This has been totally overruled by Stirling et al. 
(2008), claiming that, for one, bears do not hibernate - they fall into an extended period of winter 
lethargy2 and that polar bears have developed the ability to shift between feeding and fasting 
metabolism, allowing the bear to maximize food intake when it finally is available. This ability is 
unlikely to be reversed into an ancestral state within a short period (initially evolved from terrestrial 
brown bears to exploit a large productive unoccupied niche for a large predator (Derocher et al. 2004). 
Secondly, Stirling et al. (2008) claims that terrestrial foods in the form of berries and vegetation make 
out too meager a percentage of their diet to even be detectable using conventional analysis, and that 
regardless of speculations, ringed seals and bearded seals still are their main course, while harbor seals 
for instance, only make up 15% of their diet, when talking about polar bears of WH.  
I agree that solid facts are presently the best we have, but the ultimate question is whether or not polar 
bears will (be able to) change their diet as the environmental conditions change, since there is a 
possibility that hunting seals in the future might be problematic. In order to survive as a species, bears 
must reproduce, and in order to reproduce they must have good body condition. And the question is 
                                                          
2 opposed to hibernation by the fact that only small changes to heart rate, metabolism and body temperature are experienced, 
the dormancy state is entered slowly and can easily be broken by a disturbance; and considerate weight gain is necessary 
prior to winter lethargy (connecting with nature) 
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whether food availability is the only thing affecting the polar bear’s body state. Obviously, the direct 
killing by humans has an impact – this will be considered in the following chapter. As mentioned, there 
can be other negative factors, such as pollution, closer contact to humans/ diminishing of their living 
area - resulting in stress, genetic changes or something forth. These topics are not considered, and this 
is a limitation. 
In accordance with my own opinion, Stempniewicz (2005) also expresses the idea that the bigger the 
climate stress, showing itself in a decline of sea ice and thus inhibiting the polar bears to access seals 
for longer than usual, the more likely they are to explore terrestrial food sources, which otherwise seem 
to be a minor part of their overall diet. Stempniewicz (2005) also expresses the idea that this tendency 
should be more prevalent in the southern ranges of the polar bear, where the melting of the ice is more 
pronounced, but there is evidence against this claim, with observations of bears feeding on birds in the 
more northern parts of the Arctic, as Franz Josef Land (bordering the Arctic ocean). This makes sense 
to me, as the bears are said to be opportunistic, meaning that they take advantage of whatever seems 
feasible to them, whether or not it is strictly calculated from an energetic gain. Though, usually, the 
lack of an energetic calculation or a negative net energy gain from capturing and feeding on prey seems 
to indicate food stress. Perhaps, the caloric value of the food is not the only consideration to have in 
mind. Yet, it is stated that fat is the most important component of a polar bear’s diet. It seems that the 
element of luck and favorability of conditions for a prey pursuit is not without importance, and may 
play a decisive role for a bear’s decision to hunt a specific prey. It is possible that bears have a more 
complicated psychology than one might assume, and things like variation are of significance to them. 
Judging by their explorative and curious nature it seems likely that once alternative food sources are 
found, they will be explored further, at least by some. As with humans there might be more and less 
conservative bears out there – like in the case of some bears habitually returning on land to look for 
goose eggs, even though the resource of seals was still available. Likewise, the more radical types 
might be prone to more experimenting with alternative food sources.    
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5.0. Management of polar bears 
Having considered the nature of climate change and polar bears, it is now prudent to consider their 
management status, since polar bears do live in a world that is to a large degree ruled by humans. I 
will in this chapter consider some of the main legal actions and management strategies taken by the 
Arctic nations. The main focus is hunting.  
Historic information from observations of whalers, missionaries, explorers and resident government 
officials exists, but scientific data barely goes 50 years back. Records lack reports on a big amount of 
untraded hides and earlier records of subsistence hunting are incomplete. Even though there have been 
opportunistic polar bear hide trades with whalers and other visitors since the 19th century, it was not an 
important trade item prior to 1940s. Trophy hunting of polar bears in Canada was uncommon before 
the middle of 1980s (Freeman and Wenzel, 2005).  
Inuit (a number of Eskimo dialects spoken from northwestern Canada to Greenland, Merriam Webster, 
Inuit), however, stores a big amount of knowledge about the environment pertaining to polar bears 
dating several generations back. It is acknowledged as useful for showing trends in numbers of 
wildlife, population structure and hunting success. Indigenous knowledge is localized (like much of the 
scientific wildlife knowledge) and must be used carefully (Freeman and Wenzel, 2005).  
Early explorers of the Eurasian continent viewed polar bears as bold prowlers, and thus killed them 
every chance they got before they could become a threat. Thus, polar bears have supposedly been killed 
without control for centuries by travellers in the Arctic.  
Polar bears in the Alaskan population, unlike those of others, spent the summer inland instead of 
retreating north together with the sea ice. Both explorers and locals influenced the polar bears and the 
polar bears of St. Matthew Island got eradicated by the early 20th century due to commercial hunting. 
Similarly, commercial whalers and locals along Alaskan northern coast may have almost eliminated the 
once denning there bears. Though the reckless killing of polar bears by the Arctic explorers declined in 
the course of the 20th century, significant hunting of them persisted for at least half a century.    
5.1 Hunting and legislation 
It was not until 1965 that the first international meeting on the topic of polar bear conservation was 
held, fueled by concern about the big rise in polar bear hunting during the 1960s. Canada’s reaction to 
this meeting was founding random, temporary hunting quotas, roughly based on former hunt records, 
for every hunting village (Thiemann et al. 2008, Dowsley 2009). It was only in 1972 that some 
meaningful controls over polar bear hunting in Alaska came about with the passing of the Marine 
Mammal Protection Act (MMPA) and banning of sport hunting. Subsistence hunting by the Alaska 
Natives was, however, still allowed (Thiemann et al. 2008).  
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Owing to the iconic image of the polar bears in the Arctic, the northern states with polar bear 
populations were eventually incited to act upon the perceived threat to the bears (Thiemann et al. 
2008).  
The International Agreement on the Conservation of Polar Bears was signed in Oslo November 1973 
by Canada, US, Greenland, Norway and Russia (the nations with jurisdiction over the polar bear 
habitats), thereby committing themselves to take responsibility for protecting the polar bear’s 
ecosystem (polarbearsinternational.org, Thiemann et al. 2008, Amstrup 2003). It was agreed to stop 
random hunting, including from aircraft and icebreakers, which was previously common practice, and 
protect areas of denning and migration, as well as, conduct research in relation to management and 
conservation of the bears. Conclusively, it was agreed to share the scientific findings, and now the 
Polar Bear Specialist Group scientists meet every 3-4 years under the IUCN World Conservation Union 
to coordinate their research. This agreement continues to be in force to date (Amstrup 2003).  
While it is true that since the Oslo agreement polar bear populations have revived, the problem is that 
there is an inherent lack of historical data on polar bear numbers: there are between 20.000 and 25.000 
polar bears presently, but we don’t have anything else to compare with (Amstrup 2003). Norway is 
presently the only nation prohibiting all forms of hunting, although a limited number of polar bears are 
killed annually in defence of people or property, whereas US, Canada, Russia and Greenland all allow 
“legal” hunting by native Arctic peoples (over 700 bears per year). Additionally, Canada permits sport 
and trophy hunting by outsiders (non-natives and non-citizens), and a recent report by the Polar Bear 
Specialist Group showed that the polar bear harvest numbers in Nunavut (Canada) and Greenland are 
entirely too high to be called sustainable (Amstrup 2003). Even though most of the polar bear hunting is 
limited to the native hunters, which is in accordance with the centuries-old tradition, most of them now 
possess snow-mobiles and rifles, making their hunt much more effective than previously. Whole 85% 
of adult female kills documented in 1980s and early 1990s in the Beaufort Sea were a result of 
shooting. Still, governmental regulations and user’s agreements are said to keep a leash around native 
hunting efforts to concord with the allowable kills of most polar bear populations (Amstrup 2003).  
 
In Canada it is the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) that 
identifies species under threat, with a reassessment of the species every 2 years. Polar bears have been 
seen as a single unit with a shared conservation status. However, they do range over more than 5000 
km from east to west and 3000 from north to south, with vastly varying climate caused sea ice 
conditions, making it more appropriate to assess their status independently in different regions, for if 
considered as a whole, it would mean a single conservation strategy, and that would in turn be either to 
free or too restrictive for different areas (Thiemann et al. 2008).  
Notably, the high Arctic has a very small population size of 200-300 bears, which makes them more 
susceptible to changes (to Allee effects, which will be considered later and to genetic drift, which is 
outside the scope of this report). If it was found that they are fewer than 250 specimens, they could be 
offered the Endangered status under the COSEWIC. For this it would be mandatory to carry out a full 
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population evaluation, which, given the highly secluded nature of the population, from an ecological 
and genetic point of view, would comprise a rather valuable study (Thiemann et al. 2008). 
In 2002 Canada’s government has legalized a Species at Risk Act, allowing specific wildlife 
populations to be protected (Thiemann et al. 2008). 
Originally, the polar bears residing in the Alaskan and Canadian part of southern Beaufort Sea were 
seen as 2 separate populations and thus were managed separately. As a result of mark-recapture studies 
and radio-tracking in the middle of the 1980s it was concluded that this belief was in fact false and that 
these bears make up a single whole (Brower et al. 2002). It is understandable that such an 
administrative division is problematic from a conservation point of view.  
Interestingly, the management of hunting is significantly different in Canada and Alaska.  
5.1.1 Canada 
In Canada, where the highest numbers of polar bears are taken, the hunting is regulated by a quota 
system, which is mostly reserved for the natives. From 1974 it was forbidden to hunt bears in dens and 
females with cubs of the year. By 1976 the polar bear females with yearling cubs also came under 
protection. From 1976 onwards there was put a ban on the autumn hunting season with the aim of 
protecting females in search for dens along the coast. Hides from the polar bear hunts within the quota 
system were available for commercial sale and native hunters had the right to use some of their share of 
bears to guide sport hunters from the outside, which is a major financial return for such small 
settlements.  
Simultaneously with hunting quotas, supposedly developed through the best available scientific 
information, the Inuvialuit (native people of the Canadian Arctic) established regulatory bodies for 
wildlife management in order to protect their cultural, economic and conservation interests in the realm 
of wildlife hunting. In 1984 the Inuvialuit Final Agreement was passed, making official the idea of 
shared management and establishing the Inuvialuit Game Council (IGC), the community-founded 
Hunters and Trappers Committees (HTCs), and the Wildlife Management Advisory Council (WMAC) 
in the Yukon and Northwest Territories (NWT) of Canada, which is where the main wildlife 
management authority resides. Here the government (federal and territorial) and the Inuvialuit have 
equal representation, while the government has the last word (Brower et al. 2002, Amstrup 2003).         
5.1.2 Alaska 
Under the MMPA, the Alaskan natives living by the coast have permission to hunt polar bears for 
subsistence purposes and handicraft. According to the Act it is not allowed to sell raw products from 
the polar bears (hides, sculls etc.) to non-Natives. Conversely, there is no control over the numbers of 
bears killed, time of year, age or gender, and the federal government can only control hunting if the 
population is legally proclaimed as depleted- a legal process which is said to be complicated and time-
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consuming. The amounts hunted have thus fluctuated a lot, with possibility of over harvest without any 
legal boundaries before an actual depletion of the population took place, which is obviously 
problematic. In 1972 there was founded a municipality of the North Slope Borough (NSB) for the 
people of North Alaska, with a Department of Conservation and Environmental Protection, renamed 
later as the Department of Wildlife Management (DWM) created for the purpose of helping the 
inhabitants to manage the wildlife wisely, protect the Inupiat (native people of Alaska’s Northwest 
Arctic) lifestyle, and minimize industrial impact (oil and gas) on the environment. DWM also holds 
surveillance over actions of the Fish and Game Management Committee, including representatives 
from all eight North Slope settlements (of which 5 are affected by the polar bear agreement), giving 
advice and comments on research carried out by the state or federation, management and control. The 
Committee representatives share responsibility for implementing the polar bear agreement, but there is 
no official control like in Canada (Brower et al. 2002).  
There is an article of commitment in the 1973 International Agreement on the Conservation of Polar 
Bears saying that countries with shared populations of polar bears have to conduct research and 
coordinate it, facilitate an informational exchange and consult the other parties about management 
strategies. Both IGC and NSB expressed the wish to abide by the Agreement obligations, avoid over 
hunting and show their capacity to manage polar bears adequately. They acknowledged that an official 
agreement between governments would take years and therefore worked out and committed themselves 
to the Polar Bear Management Agreement for the Southern Beaufort Sea (will refer to as the 
Agreement) in 1988, followed up by 2 years of technical discussions and community consultations 
(Brower et al. 2002, Amstrup 2003).  
5.1.3 The agreement between Alaska and Canada 
The agreement presented annual quotas (potentially incorporating problem bear kills), periods for 
hunting (Alaska: 1 Sept-31 May and Canada: 1 Dec-31 May), ban on hunting bears in or in the process 
of building dens, females with cubs of the year or older, specimen collection from killed bears for age 
and gender monitoring of the harvest, yearly gatherings for information exchange on research and 
management, collaborative effort on priorities and quotas for the year. Hunting from aircraft and large 
motorized vehicles, as well as, trading products acquired against the rules of the Agreement was 
banned. 2 regulatory bodies were established to invigorate application of these rules: a Joint 
Commission, consisting of 2 Commissioners chosen by the 2 sides and a Technical Advisory 
Committee appointed by the first body, consisting of government agency biologists in both countries 
that were active in research collecting and managing information. These groupings meet every year 
interchangeably in Alaska and Canada and make collaborative decisions, which are then implemented 
through laws. 
In 1988, the Agreement commissioners set up a yearly quota of 78 bears in the southern Beaufort Sea 
population in accordance with received technical advice, based on former documented hunting levels 
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and population biology. It was estimated that the max sustainable gain from a polar bear population 
outdid 4.5%, if at most 1/3 of the killed share were females. Yet, originally the commissioners seemed 
to act by the precautionary principle and selected a 4 % limit. Out of an estimated population of 1800-
2000 this outdid 76 bears, 38 per jurisdiction with max 13 females each (Brower et al. 2002).                          
The HTCs from Canadian communities hunting polar bears in the southern Beaufort Sea population 
signed an agreement on management including all the points of the Agreement in 1991, whereupon it 
became mandatory to incorporate all human initiated deaths into the quota.  
During 1994-1995, the Commissioners requested an increase of 1 to the Canadian hunting quota (total 
39), and got their wish. As a following, during 1997-1998 a further rise to a total of 80 kills was 
requested by the Commissioners, with equal divide between Alaska and Canada. Again they got their 
way. 81 kills were estimated to be the maximal sustainable harvest of 4.5% for 1800 or more bears. It 
was, furthermore, clarified that no further increases would be granted unless research showed a bigger 
population, and conversely, the quota would be lowered if evidence showed a reduced population 
(Brower et al. 2002). 
In 2000 the Agreement was subjected to revision and was signed anew, with the addition of 
preliminary required notification and consultation for conducting research on polar bears. The 
population was estimated to be in the same range as before and no changes to the quota were made 
accordingly (Brower et al. 2002). Population estimates are prone to some degree of bias, so it is 
always better to be supervised by the precautionary principle.  
This Agreement between Canadian and Alaskan aboriginals is said to be a “gentlemen’s agreement”, 
since it is not an official government law, though most aspects were already covered by the Canadian 
jurisdiction. Alaskan law, as mentioned, only provided for controlling measures under the MMPA once 
the extreme state of polar bear population depletion was reached. Thus, on the part of Alaska, it was 
mostly good will that fueled commitment to the regulations of the Agreement and not actual legal 
bindings, which is rather praiseworthy. The Agreement is a unique undertaking and serves as an 
example for imitation for other groups of natives (Brower et al. 2002).  
5.1.3.1 Evaluation of first 10 years of the Agreement     
In Canada it was the local HTCs and NWT Department of Renewable Resources (renamed DRWED) 
that stood for hunting management. In Alaska it was a mixture of biologists from the US Fish and 
Wildlife Service (USFWS), as well as, hired locals. It was a requirement to document time, place and 
gender of the bear killed. On both sides, problem bears taken after the establishment of the Agreement, 
were tagged and included in the total quota.  
After 1991 it became mandatory in Canada to submit the baculum (penis bone) of a bear as proof of its 
gender. By Canadian community bylaws killed bears are counted as females for quota setting rationale, 
if no evidence of gender was provided. If a previously tagged bear by researchers was killed, the 
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reported gender was checked in comparison with the research record. In Alaska, on the other hand, 
animal samples were used in genetic analysis for gender determination in order to verify the report of 
the hunter (Brower et al. 2002).  
During the 18 years of investigation (1980-1998, 8 years before and 10 years after the agreement) 
considered in the paper by Brower et al. (2002), the natives of Canada have not gone over their yearly 
hunting limit.  
Only 60 % of the quota was used by the Canadians since the Agreement (235 of the available 385), 
including a small amount of problem bears and illegal hunts that later got assigned unused tags from 
the quota. The number of female bears killed was also below the allocated third (92 of 129 available). 
Yet, the share of hunted bears with reported female gender was at or under the prescribed limit only 3 
times in the decade after the Agreement was signed, as opposed to 3 times in the 8 years before the 
Agreement. In the decade after the Agreement was empowered, 39.8% of the killed bears with gender 
documentation were females, compared to the 34.7% females for gender-documented bears in the 8 
years before the Agreement (note that these percentages come from total kills that are under the max 
quota, so a 1/3 of the max quota that is applicable for females is in most cases still not trespassed). The 
harvest of females surpassed the yearly limit of 13 individuals 3 times after the consolidation of the 
Agreement, whereas it has not done that in the 8 previous years. There was also a number of unsexed 
bears. Even if all the unsexed bears turned out to be females, the percentage of females harvested 
would still be under 1/3 of the max quota of bears (25.5%). The overall harvest during the investigation 
time is estimated to have been sustainable (Brower et al. 2002). 
Alaskans used up whole 90% of the max quota during the 10 years, with a topping of the yearly limit 3 
times. The female kill superseded the prescribed 13 individuals per annum 1 time after and before the 
Agreement. However, the share of females taken was within the quota 7 times, opposed to only 3 times 
before the Agreement was signed. Even though gender was not documented for a significant share of 
the catch after the Agreement, of the known-gender killed bears 28.6% were females, compared to the 
36.5% before the Agreement. If the gender division of the unsexed bears was the same as that of the 
rest of the kills, then about 28.6% would have been females or 26% of the max quota, thus being well 
within the acceptable limits (Brower et al. 2002). This kind of extrapolation of gender division is, 
however, highly imprecise.  
Overall, about 75.5% (579 out of 767) polar bears of the max quota were reported killed in the whole 
southern Beaufort Sea population in the decade after the Agreement. On an annual basis, the 
recommended maximum was exceeded 1 time prior to the Agreement (before any quota existed in 
Alaska) and 1 time since. The total number of female kills in the first decade after the Agreement was 
reported to be 175 of the recommended 256 (22.8% of the total quota). Gender was omitted for 11% of 
the overall kills (64/579). The yearly maximum of female kills was exceeded once before the 
agreement, and twice after. The number of females for which the gender was documented was 
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somewhat bigger than before the agreement, but insignificantly so (35.6%, 164/461 opposed to 33.9%, 
175/515) (Brower et al. 2002). From these data it can be seen that Canada has actually undergone a 
mildly negative development, while Alaska has mostly improved. Generally, the overall quota has not 
been trespassed for the nations combined since the Agreement. 
2 COYs and 10 yearlings were reported killed during the study, 5 yearlings after and 5 before the 
agreement. One COY that lost its parents was sent to a zoo. It was further reported that the 10 yearlings 
were alone when they were shot, and 2 of them were problem bears in a settlement. In Alaska, 7 COYs 
and 37 yearlings were reported killed during the study. The majority of COYs and yearlings were 
classified based on measurements of skulls and hunter information. Additionally, 11% were 
documented on the basis of tooth age. Age determination specimens were gathered from 46.3% and 
45.5% of the total harvest before and after the agreement respectively. Since, over half of the kills is 
not age-determined, it is hard to say how many COYs and year-olds were killed in Alaska. It may be 
estimated from the sample that the proportion of cubs, mainly yearlings killed may be as high as 15% 
for Alaska, and 10% of the total harvest. Also, it is reported that the number of COYs killed fell from 5 
before the agreement to 2 after the agreement (Brower et al. 2002).  
While it is relatively easy to quantify size, age and gender of the kills, it is much more difficult with 
topics like the awareness of the agreement and how much it influenced the hunters’ decisions. Other 
things such as the ice conditions or changing economic conditions may have affected success and 
motivation of the hunters.  
A feature that likely was significant in the successful passing of the Agreement was the fact that the 
estimated sustainable harvest was similar to the recorded average harvest during the study. Notably, the 
Agreement was signed in January 1988, while the first quotas were not set until October, showing the 
willingness of the 2 parts to make it work without prerequisites (Brower et al. 2002).   
Another insensitive for the IGC to work out an agreement for the southern Beaufort Sea population of 
polar bears was the desire to guide American hunters in the future, if the MMPA should allow trophy 
import to the US. It has been legal since the early 1970s in Canada to have guided sport hunting. Yet, 
the main part of the native guides’ clients for sport hunting have been eradicated, due to the ban on 
imported hides in the US after the passing of the MMPA in 1972. In 1994 there was a softening of the 
rules to give way to import of legally gathered hides by Americans, given that the gathering took place 
from a population that met a number of conditions. A signed agreement served the purpose of 
demonstrating that the conditions indicated in the Act were being met. These types of agreements 
demonstrate the sustainable quota allotment to each party and other conservation initiatives, like 
hunting season, gender partition of the hunt, and protection of mothers and their cubs. Thus the 
agreement partly facilitated the eligibility of the southern Beaufort Sea population for hide importation 
to the US. There was extensive publicity about the agreement in order to ensure that the guidelines 
were followed (Brower et al. 2002). 
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The amount of females harvested has been sustainable so far, even though the proportion of females 
taken increased in Canada after the agreement in comparison to before (34.7% to 40.9%). The tag 
allotment supposedly contributes to this. As the number of tags is limited and a tag is available only for 
a limited amount of time, hunters may feel pressure to kill a bear when they see one, because that may 
be their last chance, and so they don’t differentiate as much between females and non-females. There 
is, however, information put up on the annual harvest status, and number of males and females killed to 
date.  
Other factors play in when considering annual harvests. In some years, especially of late, notable ice 
free areas or rough ice by the coast have limited travel, thereby diminishing hunting success. Hunters 
from the outside have a preference for large male bears, so they take a smaller share of females than the 
native hunters. Finally, outsider hunters are less successful than the native ones, and tags given to 
unsuccessful hunters cannot be re-issued and so the Canadian quota is rarely used up (Brower et al. 
2002).  
In the case of Alaska, there has been a decrease in the share of females taken after the Agreement, even 
though there is no regular monitoring and information about the harvest status available. It has declined 
from an average of 0.75 of the adult harvest every autumn before the Agreement to an average of 0.32 
in the decade after. In the spring the average harvest fell from 0.26 to 0.18 before and after the 
Agreement respectively. The dramatic fall of female hunts in the fall is likely due to active hazing of 
the females in fall when there is many of them, and education of hunters about the importance of the 
commitment to the Agreement. 
Most COYs and yearlings were killed in Alaska, and since more than half of the kills were not age-
determined, it is uncertain how many were taken in all, but due to the stigmatization of hunters taking 
bears from these age categories it is unlikely that many more were taken. In Canada, these have been 
protected and thus few have been hunted. It is also likely that the ones taken during this study have 
been hard to identify as yearlings, since they were reported to be alone at the time of the capture. 
Interestingly, hunting on cubs is not a conservation issue as such in the frame of sustainability, 
although not fancied by the public. It is of bigger concern that the females that are with the cubs may 
get killed. Therefore family groups are protected mainly in favor of female conservation (Brower et al. 
2002).  
In order to manage polar bears properly, it is necessary to know their population size, reproduction 
rates and gender specific survivorship. To maintain a sustainable harvest one must know the gender and 
the number of the bears killed and collect teeth for age determination. There is an active program for 
harvest reporting and collecting of specimens in Canada since the early 1970s, so that 90% of the bears 
killed are age-determined. In Alaska it is under half that are age-determined, and this is due to the 
omitence by some hunters to collect teeth for age determination, pointing towards a necessity of 
education in this area. Whereas the information on age and gender of the bears was only about 48% and 
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47% for 1981-88 and 89-98 respectively in the Alaskan part of the Beaufort Sea, it was 80% and 74% 
for the same periods in Western Alaska. The bigger the publicity - the higher the data documentation 
efforts (Brower et al. 2002).  
In Alaska, 17% of the kills were not gender-determined, which is an improvement compared to the 
previous 8 years where 29% were undetermined. In Canada only 3% went undetermined. The accuracy 
of gender-determination may also be significantly influenced by whether or not these bears have been 
previously tagged by researchers, meaning that their gender is already known. For instance, in the case 
of not tagged bears, after DNA analysis, it was found out that genders of 19 of 139 or 13.7% of the 
bears were imprecisely documented. Since more of the wrong gender determinations were in the favor 
of males, it is plausible that there may be an underestimation of the females in the Alaskan share of the 
harvest by up to 12%. Inability to precisely document gender could be a problem in relation to 
management of population sizes. It was concluded that at present harvest numbers the bias is not a 
problem, but as the numbers increase, it could become an issue, as the maximum kills are approached. 
Such genetic tests have not yet been carried out in Canada, but the return of the baculum as gender 
proof is now a requirement. Consequently, much improvement is needed in the ability to document 
gender of the killed bears (Brower et al. 2002).  
The agreement has done much to protect the denning females - in fact, no bears have been reported 
killed at den sites in the decade after the agreement, and the incidence of denning at the coast sites is 
thought to have increased because of that (Brower et al. 2002).      
5.1.4 Greenland 
In Greenland and its surrounding waters hunting polar bears is only legal for permanent residents with 
a “full time subsistence” hunting license or professional hunters, meaning that a non-native, given s/he 
gives up all other sources of income and establishes a permanent residence there may attain a hunting 
permit (Ting 1990, Amstrup 2003). In practice this only includes natives, however (Amstrup 2003). The 
general open season is from September to June (or October to July in Tasiilaq municipality). Adult 
male bears may be hunted anytime, whereas adult female bears with cubs are under protection all year 
round. It is also against the law to disturb or extract bears from dens (Ting 1990). According to 
Amstrup (2003) the only limitation in hunting is the requirement to use dog teams instead of snow-
mobiles.   
In case of an unplanned killing by a person without a hunting permit or in a protected region or in the 
closed season – it must be reported to the police and the Greenland Home Rule, Department for 
Wildlife Management at once, so that the bear is taken away and handled appropriately. Alleged self-
defense will not pass, and the report of the killing will be carefully analyzed by the authorities to decide 
whether an official accusation for illegal hunting should be issued (Ting 1990). From 2000 onwards, 
the Home Rule Government of Greenland initiated effort to improve hunt monitoring and create a 
quota system. 
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5.1.5 Russia 
Russia may be the Arctic nation with most damage done to polar bears through hunting. Even though 
hunting was banned in 1956 under Soviet rule, the funding and enforcement of hunting management 
and other uses of renewable resources has fallen together with the USSR. While polar bear hunting 
remains illegal there is said to be no control over the situation. This is unfortunate and a cause for 
concern in the light of the high economic gains that could result from organized hunting and the fact 
that other income sources are very limited in north Russia. As it happens, Russia controls almost half of 
the Arctic and a big share of the polar bear’s home range. Uncontrolled hunting over such a vast 
territory could have negative long-term consequences (Amstrup 2003).        
The threat of such an occurrence has been addressed to some extent by the Agreement between the US 
and Russian governments on the conservation and management of the Alaska-Chukotka population of 
polar bears, signed in 2000 after over 8 years correspondence between the natives and government 
representatives of both nations. The needs of the native people for subsistence hunting are recognized 
in the agreement, together with conditions for quota development, harvest distribution, conformity and 
enforcement.  Each nation is allowed up to half of the overall quota with many of the 1973 
international agreement conditions repeated (hunting ban on denning bears, females with cubs, no use 
of aircraft, large motor vehicles, and traps/poison). Commercial hunting and trade is forbidden and the 
parties are committed to the preservation of ecosystems with polar bear feeding, assemblage and 
denning areas being in focus. As with the agreement between Alaska and Canada, this one has all the 
presuppositions to become a successful one with sustainable hunting levels. The rest of the Russian 
Arctic, however, remains a topic of anxiety (Amstrup 2003).         
5.1.6 On co-management 
Co-management research or adaptive systems of co-management usually have 2 main focus areas: TEK 
(traditional ecological knowledge) usage value, and/or the participation of resource harvesters in 
management. Research has shown the usefulness of a TEK and ecological studies combination when 
examining climate change problems in the Arctic, together with the benefit of combining TEK from 
many settlements to promote understanding for broader geographic regions or shared reserves. For the 
most part, these information gathering strategies have not yet undergone broad institutionalization in 
the Northern systems of co-management. Management units have been changed to include harvesters, 
and their TEK to a certain degree, especially at the regional level by creating co-management boards as 
a primary instrument of North American Arctic wildlife and environment management. Even though 
this is an important movement in the direction of equality, some researchers perceive it as ineffective in 
incorporating resource harvesters’ viewpoints and ecological data. Dowsley (2009) considers a spatially 
organized or “community cluster” approach, which refers to a social organization consisting of 
neighbour communities, which share a reserve. Such entities could potentially improve management in 
2 ways: elevate available information to decision-makers (collaborative scientific research and via 
active monitoring, thereby improving system response times), and involving harvesters in decision 
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making in an organised way. This should then improve communication within the system, 
strengthening understanding for and involvement in conservation issues. The argument is that 
community clusters should be institutionalized on a level above the community level, but below 
regional institutions or wildlife boards of co-management (Dowsley 2009). Supposedly for a fine 
balance. 
Normally, the legal rights for conservation belong to the governmental companies. With regard to 
environmental and wildlife management, local rules work in a different way than those of higher levels 
(more personal, complex relations on the local level, and more formalized on the higher level). It is 
important to distinguish between TEK and scientific knowledge, as a first advance in involvement of 
the locals in environmental and wildlife management. Scientific investigations cover large geographic 
areas (100-100.000 sq. km.), including ones that are inaccessible to the locals (via air surveys), and the 
majority of them is not older than 30 years. The focus of TEK usually lies on smaller territories (<1 sq. 
km.- several 100 sq. km.), limited to accessible areas, and may be over a century old, passed on from 
mouth to mouth. While potentially imprecise about populations of wildlife and environmental 
characteristics on a large scale, TEK is relatively cheap to gather and publish and has a broad scope. 
Science-based studies are, on the other hand, normally much more expensive, and are only reliable with 
precise and accurate results. Whereas TEK would give a picture of the trends in the wildlife population, 
scientific studies are able to give a size estimate plus the uncertainty involved. Thus, both are valuable, 
as scientific surveys are limited in frequency by the human and economic factor, rendering them less 
useful in short-term changes (as population trends). Furthermore, if assumptions of the analysis model 
are not met by the sampling protocol within a scientific study, estimates may be unreliable. 
Complementary approaches, including both TEK and science, are thus most desirable for maximally 
reliable data. Partly, due to the international agreement, majority of the polar bear subpopulations have 
undergone conformation to national and international conservation standards for about 40 years. The 
Canadian territory of Nunavut, which owns and shares more than half of the polar bears of the planet, 
also maintains most of the conservation expenses. It also has an 85% Inuit majority population and co-
manages the natural reserves under the Nunavut Land Claims Agreement. Research has shown negative 
impact by changes in sea ice on the polar bears of at least 2 subpopulations, and recent estimates show 
that the birth and death rates of the western Hudson Bay and southern Beaufort Sea population indicate 
that neither are sustainable in the long run even without human intervention. Climate change may 
happen faster than scientific and management endeavours can follow, and impede the implementation 
of scientific methodologies, making the cost go up and the reliability of the studies go down. Yearly, it 
costs around 1 million CAD to maintain a 15-year rotational population inventory for all Canadian 
polar bear subpopulations for the research programs, with additional 0.5 million annually for paying 
salary (Dowsley 2009).  
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5.1.7 The International Conservation Agreement 
Less than 40 years ago, the polar bear was seen as a specie in danger of extinction. At that point 1400-
1500 polar bears were killed each year from a global population estimated by some to be around 5000, 
leading the 5 Arctic states (Canada, Demark/Greenland, Norway, former USSR and US) to make an 
international conservation agreement. In 1973 four of the five states signed the International Agreement 
for the Protection of Polar Bears and their Habitat, followed by the fifth over the next 4 years, and in 
1981 it was agreed by the parties to extend the agreement indefinitely (Freeman and Wenzel 2005).  
During this time, the issue of trophy hunting of bears was a worry for all the Arctic states. The USSR 
placed the first restrictions on trophy hunting in 1938 followed by further constraints in 1940s and 
1956. The US stopped all sportive hunting of bears in 1972 (Marine Mammal Protection Act). Norway 
issued a 5-year closure on all hunting of polar bears in 1973, which still remains in force. Canada, 
however, started a program of Native-guided sport hunting in 1970, and successfully argued for non-
native hunting, guided by natives in Canada, to grow.  
Canada’s policy stands out due to several reasons: 1) the fact that the largest polar bear population size 
and annual kill of them occur in Canada, 2) Canada took this stand on hunting once the adjacent Alaska 
(which at the time was the primary destination of trophy hunters) prohibited sport hunting, that could 
have been anticipated to cause protests from conservation groups and concerned politicians, 3) 
Canada’s stand was to increase the annual take of bears simultaneously with the 4 other states arguing 
for an overall reduction of polar bear hunting.  
According to Freeman and Wenzel (2005) this contradictory success of the Canadian policy was a 
result of a rare win of scientific management over emotional politic arguments that were emphasizing 
an anti-consumption strategy for salvation.  
There has lately been introduced a term called “conservation hunting” to show the benefits of 
management of wildlife and the controlled recreational hunting programs. Conservation hunting 
describes a sustainable recreational hunting that seemingly provides conservation benefits to the wild 
specie in question together with socio-economic goods for the locals (Freeman and Wenzel 2005).  
5.1.8 Conservation hunting 
Sport hunting is actually said to be a good fundament for developing programs of conservation hunting. 
So, the hunting is termed as having a conservation purpose for several reasons: it gives motivation to 
support and perhaps restore the appropriate habitat/ecosystem and thus contributes to short and long-
term success of a wildlife specie. It also offers frequent and cheap population assessments, as well as, a 
check up on whether or not other land use activities can co-exist with the wildlife and generally 
promotes obedience to the rules.  
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Incorporation of the locals in such programs is vital for success, as their socio-economic well-being is 
at stake, which also makes the programs more legitimate and increases the likelihood of achieving the 
set goals. Data, biological research and regulation samples for approximately 90% of the bears taken 
since 1970 and almost all since the mid-1990s have been provided by Inuit subsistence hunters and 
conservation-hunting guides. As programs of conservation hunting provide taxable income and permit 
payments, the economic worth of wildlife becomes more visible and more seriously taken. 
Additionally, conservation hunting may be of benefit to the Arctic biodiversity by the maintenance of 
human cultural bonds to nature and offering local products and services, which are more 
environmentally friendly than the imported replacement, since people require jobs and pay which are 
sustainable and attaining those things from local resources is likely more environmentally as well as 
socially sustainable (than industrial development or dependence on government transfers and subsidies) 
(Freeman and Wenzel 2005). The conclusion I make from this is that the existence of the wild-life in 
question depends on human exploitation and regulation of it, in our consumerist world. If it is not used 
at all it may be perceived as unnecessary and subsequently perish due to activities that disregard 
wildlife. Of course, it is important to exploit wisely at the same time.  
5.1.9 Progress in management 
The goal of polar bear management in Canada has its insensitive in preserving healthy bear populations 
and helping the recovery of depleted ones. In order to do this adult polar bear females and cubs are 
protected, as well as yearlings and denning bears. There is strong commitment to the research on polar 
bears and population assessments for management decisions on both the part of the government 
agencies and local communities. A basis for bear management in Canada is at the moment dividing the 
overall numbers of bears killed into 2/3 or more of them being male, and thus maximizing the hunting 
gain, while conserving the females (Freeman and Wenzel, 2005), which are the most important for the 
overall population survival, as mentioned earlier. If males make up more than 2/3 of the take in a given 
year, the quota may be raised the next. Sex determination of the bears is made by the Inuit hunters who 
know a lot about polar bear morphology and movements, and/or by analyzing their prints. Hunters for 
sport prefer male bears, and conservation hunting in Canada constitutes a share of bears, 80% of which 
are male (Freeman and Wenzel, 2005). They also tend to be less efficient than natives, resulting in 
lower numbers of kills (Amstrup 2003).  
It is agreed that the international polar bear treaty resulted in a noteworthy development of relevant and 
ongoing research, making possible a management with a much stronger scientific base than is the case 
with some other conservation and resource management programs. The parties of the polar bear treaty 
hold a meeting every 3-5 years for discussion of national research outcomes and what is lacking to 
improve management. It is for the most part polar bear biologists and program managers that evaluate 
the status of the bears and management needs at these meetings (Freeman and Wenzel, 2005). 
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It is very good that there appears to be a cooperation between the locals, biologists as well as 
researchers from other parts of the Arctic being involved in this program. There is a routine biological 
sampling of the bears by hunters, whether the bear is killed by a local or outsider. Even though this 
collaboration with the locals has led to a reduction of the bear quotas it still persists. This seems to be a 
sustainable practice.  
The main aim of the treaty is reached through regular report reviews of population status and even 
though there are no legal enforcements on the international bear agreement, the reviews by polar bear 
specialist group provide an international insight and overview of what is going on in these programs 
and overall agreement with the treaty aims (Freeman and Wenzel, 2005).  
There appears to be a concern about the U.S. Marine Mammal Protection Act (MMPA), which sets 
restrictions on which polar bear trophies may be imported into the U.S., since it affects the 
conservation hunting in Canada. Thus, since not all of the populations of polar bears satisfy these 
conditions, communities of Inuit now have a more international client base as opposed to a prevalently 
American one (Freeman and Wenzel, 2005). It doesn’t seem immediately clear what this changes, since 
there is presumably the same client base quantitatively.  
The responsibility for the management within Canada lies on 4 provinces and 3 territories. There is a 
strong representation of the locals in the management bodies of Nunavut and northwestern territories. 
The relevant polar bear management is carried out by the federal, provincial and territorial 
governments. In 1969 and 1970 there were established 2 intergovernmental polar bear committees to 
aid sharing of information, organization of research and create annual status reports. Currently, only 
Nunavut and the Northwest Territories allow sport hunting requiring outfitters and guides with a 
license.  
There is a responsibility among every community to divide its share of polar bears among hunters and 
outfitters. Hunting bears without a permit is illegal, and apparently seems to be a rare occurrence. (Not 
in Russia!) Additionally, in most communities the number of such polar bear hunting licenses is lower 
than the number of people wishing for them, and thus a lottery system operated by the local hunters and 
trappers organization is used for dividing them. If a local hunter with a permit does not take a bear 
within a certain timeframe, the permit must be returned to subsequently be used by another person on 
the waiting list (Freeman and Wenzel, 2005). 
The method of allocating permits to guides or outfitters for their sport hunting clients may differ in 
between communities, where in one community (Resolute) permits are distributed between sport 
hunters and the single outfitter has the right to buy it from the hunters, and in another - Clyde River, 
they buy it from the Hunters and Trappers Organization. 
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5.1.10 Quotas and gender bias 
In the context of deciding which management strategy to use for polar bears, especially concerning 
hunting, it is important to know something about the Allee effect. 
The Allee effect is an event in which individuals of a specie gain from company of others alike and 
suffer from a drop in an element of health when populations are small or highly spread out. This effect 
can be provoked by various occurrences, but the most significant is the difficulty of finding mates 
when population densities are at a low, resulting in lower reproductive success, thus creating a positive 
feedback loop (positive feedback loops enhance or amplify changes).  
If hunting is executed without taking this effect into consideration, it may have unpredicted results for 
the population and even lead to extinction. Therefore it is vital to foresee the episode leading up to the 
Allee effect. Knowledge of this would help to devise an optimal hunting strategy and conservation 
endeavor for a given specie with a lowered population, but without signs of the Allee effect yet, such as 
the polar bear. However, unlike for smaller organisms in which Allee effects can sometimes be shown 
in a laboratory population, for large free-ranging species, empirical data cannot be collected. For that 
reason predictive methods should be utilized (Molnár et al. 2007).  
Polar bears, which occur at low densities are vulnerable to the Allee effect because of low probabilities 
of mating encounters. Since the dynamics of sea ice is highly variable, so is the mate distribution, 
making the search for mates a significant part of their reproductive strategy.  
In polar bear populations not subjected to hunting, the population structure is male-biased with 2-3 
males for every female, due to a long offspring-tending period by females, and ensures mating success. 
There is a highly sex-selective strategy in Canada, where mostly the male bears are hunted, leading to 
equal gender numbers or even numbers where the females prevail (Dowsley 2009, Molnár et al. 2007). 
This differentiation has led to concern about such a lowering of the male bear population where 
reproduction ability becomes threatened. As long as a small/viable proportion of the entire population 
is taken, I don’t see a problem. It makes sense to take a bigger percentage of males in hunting, since 
there are more of them, and supposedly a population structure closer to the natural one would be 
maintained this way.  
The number of female polar bears fertilized is limited by the duration of the mating season and time 
given for mate search, thus it is expected that there is a gender ratio below which female fertilization 
rates will decrease because not enough males are available. Determining this ratio is important when 
trying to understand how many males are necessary for stable populations and which future hunting 
strategies should be adapted. So far, there has not been reported an Allee effect for polar bears, but on 
the other hand, rates of fertilization have not been directly regulated. Therefore there is no empirical 
data on the connection between male/female numbers and rates of fertilization. It would be wise with 
some modeling (Molnár et al. 2007).  
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1-gender models are sometimes applicable with the right information available. Yet, they are of a low 
predictive value in case of Allee effects caused by mate-finding problems, since mate-finding success 
depends on the sex-ratio and not only on the population density.  
It is more appropriate with 2-gender models since they specifically deal with the issue of lacking mates. 
Although 2-gender models have been studied, their application to biological data is very scant still. 
Generally, models that intend to understand the results of a destroyed male population, and predict the 
Allee effects in particular, should specifically consider the mating system and make correct use of 
historical data (Molnár et al. 2007).  
Male-biased hunting is widely used when managing large mammals with a long parental care period 
(bears, elephants, marine mammals, ungulates). An important observation is that while this approach is 
widely used, it is mainly based on annually reproducing species, whereas, perennially reproducing 
species have not been extensively investigated in this respect. There is general agreement that there is 
an extent to which maximum sustainable level of kills can be raised through gender-selection, and that 
there must in any case be enough males to breed with the available females. There are usually more 
males than are strictly necessary in the wild, and since the individual male can only mate a limited 
number of times, there likely exists a minimum required amount of males per females to sustain the 
population. There has not been any clear identification of such a minimum, however. The actual 
necessary gender ratios for population sustenance may be quite low (0.5-20% males), especially when 
mating is opportunistic or few dominant males monopolize the females. A too low gender ratio may be 
subject to environmental disruptions (mating delays or failures) and is therefore risky (McLoughlin et 
al. 2005).  
On top of creating a female-biased population, gender-selective harvesting will likely influence the age 
structure of a population. A preference for males during hunting (especially adult males) is expected to 
lower the average age of the males, which may obviously become problematic if there are too few 
sexually mature males. There is evidence, for instance, that fully developed spermatozoa are not 
present in polar and grizzly bears before the age of 5-7 years. It is only recently that there has been 
acknowledged an effect by hunting on the gender and age structures on the overall survival of the 
population (McLoughlin et al. 2005).  
Results of the investigation by McLoughlin et al. (2005) show that minimum kills (equal gender 
division and 2% yearly harvest) after a 3 decade simulation end in an equal adult gender division for 
the considered populations. The adult male to female ratio decreased as male-biased hunting and total 
harvest increased. Of the 3 species considered – grizzly bears, polar bears and caribou – the impact was 
highest on grizzly bears, then polar bears and lastly caribou. At 75% male and 6% total harvest, the 
adult male numbers dropped to 6.8, 13, and 43.2 males per 100 females for grizzly, polar bears and 
caribou respectively. Conversely, the average female age remained static during the hunting 
manipulation. In the case of grizzly bears, the mean adult male age decreased from 9.1 years under 
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conditions of equal harvest of genders and 2% population kill to 1.6 years at a 75% male selective 
harvest, and a total 6% annual population kill. The age of females remained the same at 9.2 years. The 
situation was similar for polar bears with a mean adult male bear age at 6.5 years for at minimum 
harvest and 2.1 years at a 75% male and 6% total yearly harvest. Mean female age was unchanged at 
7.5 years. In the caribou example, the mean age of males also declined, but to a lesser extent:  it went 
down from 4.1 to 2.5 years at the corresponding hunting rates, and females remained at 4.2 years 
(McLoughlin et al. 2005).  
For all cases, mean adult male age could be increased by cancelling the protection of cubs in 
connection to their mothers. For example, the maximum harvest rate and no protection offered for 
grizzly year-olds resulted in a rise of the mean male age to 2.6 years, and gender-ratio to 15.5 males per 
100 females (compared to 1.6 years, and 6.8/100 when yearlings are protected). If removing protection 
from COYs, the mean adult male age is further lifted to 4.1 years, and gender ration increased to 
27.6/100 females. In case of caribou, removing protection of calves increased the same numbers from 
2.5 to 3 years, and 43.2 to 51.6 males per 100 females (McLoughlin et al. 2005). 
Additionally, for any percentage of yearly kills of the total population, biasing the harvest gender-ratio 
towards males resulted in higher numbers of females and more young males, thus enhancing the 
probability of population survival. Another thing is that gender selection of the harvest and the rate of 
harvest generally, both, equally contributed to reducing the male mean age and number in relation to 
females, although with a slight variation of the primary factor for different species (McLoughlin et al. 
2005). 
The results suggest the population survival potential may be overestimated for species with low 
reproduction rates if prolonged periods of gender-biased hunting are not evaluated in light of the 
potential of a smaller amount of adult males to successfully mate the available females. McLoughlin et 
al. (2005) suggests the usefulness of monitoring the number of offspring produced one year compared 
to the number of females available for breeding the previous year. Lowering of these proportions may 
be proof of a deficiency in sexually mature males, as a result of gender-biased hunting. It is 
recommended that population models are further developed to include negative effects of hunting on 
reproduction, as well as, models that connect the mean male age or frequency of adult males with 
successfully fertilized females (McLoughlin et al. 2005).             
5.2 Discussion of polar bear management 
As the data states, there has been polar bear conservation related activity on a larger scale from the 
1960s onwards, which is obviously a positive development. Specifically, the International Agreement 
of 1973 bore some fruits in relation to hunting control. There was established a ban on random hunting, 
hunting from aircraft and ice breakers, protection of denning and migrating areas, setting up of quotas 
and other regulations. Research on management and conservation has been initiated, sharing of 
scientific findings, and regular 3-4 year meeting by the bear specialist group. Canada banned the 
 59
autumn hunting season, and Norway is the only nation to have banned all polar bear related hunting. 
Russia has been a forerunner in putting up restrictions under the Soviet regime, but has been 
incompetent at upholding them since the fall of USSR, which is a far-reaching issue for most of the 
Russian Arctic. An exception will be the success of the Alaska-Chukotka agreement. Greenland’s 
management has been dubious, with benefits granted to the natives/ permanent residents, and no 
control of their actions, although there has recently been initiated movement towards a quota system. 
Canada and Alaska have been willing to create a sustainable management and co-management practice 
through a generally good coherence in setting up quotas. In the case of Alaska there is seen an 
improvement, since there have been no quotas there prior to 1988. Canada has not improved in relation 
to the bear kills number-wise, but is generally on the safe side, assuming that the estimated sustainable 
quotas are valid.  
According to Derocher et al. (2004) and Amstrup (2003), although hunting may still present a risk to 
polar bear welfare, it mainly did so during the 1960s and 1970s, and has now been largely corrected 
through the International Agreement of 1973 and various management strategies. In any case there 
appears to be a broader understanding and acceptance for the need of conservation measures. The 
methods for estimating population numbers and status give the impression of having many weak 
points. This can be seen from the inaccurate reports of gender and lack of age reports, as an example, 
which already makes it more difficult to form a clear picture of the situation. It is furthermore possible 
that the populations have in some instances been overestimated, as has happened before. Population 
modeling has likely been inadequate for predicting probable outcomes of a hunting strategy in the long 
run. Population dynamics is undoubtedly a complex issue, as well as, climate dynamics, with many 
variables, calling for much more research to be done. It includes population structure considerations 
(gender, age, number), as seen from the Allee effect description - there may be different implications 
for the overall population depending on the hunting strategy used. As mentioned, it could be a good 
idea to include considerations of minimum male age for successful mating of females, as the male 
population tends to get younger when primarily males are hunted. The implications of hunting may also 
be different for sub-populations of different sizes, seeing as the Allee effect is density dependent. 
Although, not considered in the report, it is noted by Amstrup (2003) that males may on top of 
everything be more vulnerable to hunters. The satellite telemetry studies carried out have been 
insufficient in the case of male bears, since their heads are smaller than their necks, and thus the 
radiotransmitters in the collars that are put around the bears’ necks for the most part simply do not stay 
with the bears. It has also been a problem with sub-adults, for the fear of injury, since they are still 
growing. Thus, while much data has been gathered on female movements, the male and subadult 
groups are not represented, suggesting that if there is a significant difference in the movement patterns, 
hunting strategies may be prone to revision. Apparently, no satisfactory alternative methods for 
measuring these movements exist at the time being. Because the occurrence of humans in the Arctic 
elevates, so does the need for intensive management, and therefore it is crucial to know polar bear 
movement patterns, and being able to predict them. 
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6.0 Conclusion   
Finally, the 3 main directions of this report: climate change, polar bear adaptability, and their polar bear 
management have been considered. What is the nature of climate change, how do/might polar bears 
adapt to it and how are they managed? Climate change appears to be occurring in real time, and 
strongly affecting the polar bears. Polar bear subpopulations, being spread out over a big territory are 
and will be affected differently, due to the localized nature of climatic changes. Furthermore, the 19 
subpopulations currently known (20 according to Amstrup) live in different conditions, likely with 
different histories, and thus possibly different behaviors and behavioral plasticities. These differences 
are important to incorporate into potential management strategies.  
The numbers given by polarbearsinternational.org do not show an optimistic development for the bear 
populations, as seen in the section about polar bear status. 8 populations are reported to be declining in 
2009, compared to 5 in 2005, which is a rapid change. It has also been reported that more bears have 
been fasting in the recent years (2005-06) (Cherry et al. 2009) and that ice shrinkage has been at a 
maximum in 2002, 2005, 2007-08 (Bobylov et al. 2008, Khon and Mokhov, 2008, Shutilin et al. 2008, 
Amstrup 2003). This may cohere with the predictions of a 60 year warming cycle in which we presently 
are that is supposed to end in 2015-20 according to Frolov et al. (2007). Additionally, there is 
disagreement between different schools of scientists as to whether the climate change is caused by 
greenhouse gases or primarily solar activity. It may be hard for a non-specialist like me to determine 
where the truth lies, but offhand both sides seem to have a reasonable scientific basis. Scientific bias is 
plausibly the case in one or both cases, since the existence of different theories may indicate different 
foundations for social action that may or may not be supported. Perhaps it is true, as Yakovlev (2008) 
says that it presently seems that the answers to a number of principal questions of the modern Arctic 
climatology are non-trivial and cannot be acquired by simple upgrade in the spatial resolution of the 
models and there is needed a revision of the physical formulation of the problem, mathematical 
formalism, choice of physical parameterizations and numerical solution methods. A psycho-social 
revision is possibly needed as well.  
Population dynamics, and climate change are 2 very broad and complicated phenomena by themselves, 
when combined with each other and additionally human management it becomes even more 
cumbersome. Judging from the chapter about adaptability it could be plausible to conclude that bears 
are flexible creatures and have all the chances to adapt to changing conditions. Nevertheless, the 
population numbers show something else. Yet, it is feasible that diminishing population sizes is a part 
of their adaptation. It is regrettable that there is serious information lack about polar bears of the 
Russian Arctic, since it is such a vast area in the Arctic. There appears to be a growing appreciation of 
the need for hunting limits and regulations, as well as, monitoring of the bears in many of the other 
Arctic areas, and hopefully Russia will soon follow. The continuing negotiations and creation of new 
agreements is a positive contribution to the overall survival of polar bears, so we must definitely 
continue with that. While a complete ban on hunting could benefit polar bears most of all, it is also 
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important to consider other parties, such as the native peoples of the Arctic and their future. Since most 
of them have hunted polar bears and various other creatures throughout their history, it would perhaps 
not be fair to completely deprive them of that, as it defines their culture to a high degree. While saving 
the polar bears, it would be imprudent to lose cultural heritage. Conversely, as mentioned in the section 
about conservation hunting, establishment of well-managed hunting may secure the existence of the 
premises for such hunting and thus the future of polar bears. It remains vital that there are various other 
factors that may be affecting the well-being of polar bears. This report is limited to only considering 
some of these factors. For a better understanding of the fate of polar bears in the long run, more factors 
affecting them need to be assessed (some of which are stated in the appendix). Much more research on 
polar bears needs to be done as well.    
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7.0 Appendix 
Some of the other factors affecting polar bears 
Apparently, it is to a big extent human intrusion that plays a part in the case of western Hudson Bay. 
For instance, researchers investigating polar bears often assume that their work has no effect on the 
well-being (fitness, behavior, survival) of their subjects (Dyck et al. 2007). It is suggested that female 
polar bears may be negatively affected by the handling, due to weight loss which is directly linked to 
cub survival, however there are no statistically significant results available (Analysis of handling polar 
bears is only available for years 1967-84, so new analysis are needed) (Dyck et al. 2007).  
Additionally, there is an intense tourist season from 1oct – 15nov in the Western Hudson Bay. Here, 
harassment of bears, increased vigilance levels from their side has been observed. It has been 
speculated that increased vigilance may lead to increased heart rate and metabolic activity, and thus 
weight loss. 
Further bear / human interaction takes place through the PBAP (Polar Bear Alert Program) at 
Churchill, initiated in 1969 to protect local residents from polar bears and visa versa. Handling here is 
similar to the one under research activities. 
Numbers show that the entire WH population of polar bears is being repeatedly handled as a 
combination of the different activities, indicating the possibility of a negative effect on them during the 
last 30 years (Dyck et al. 2007). 
It appears that the polar bear population in WH has been rather stable during the last decades, and it has 
been hypothesized that this could be connected to the fact that they have reached carrying capacity, 
which also may cause such trends as poorer physical condition, survivorship and reproduction rate 
(Dyck et al. 2007).  
Southern Hudson Bay is shared by bear populations of both WH and SH, and importantly, the body 
condition of bears from SH has been better and the population has increased from 1963 to 1996 (based 
on aerial surveys almost entirely), even though there has been a tendency towards earlier ice breakup in 
James Bay and the southern shore line of SH (Dyck et al. 2007). Even though the resources might be 
limited, there has not been any drastic decline of the WH bear population. This could be explained by 
the ability to adapt to changing circumstances, specifically the bears may have learned to hunt seals 
during the ice free period along shores in tidal planes. This has already been witnessed in the bear 
viewing areas of Churchill for several years. (More info on bear feeding is needed for conclusions) 
(Dyck et al. 2007).  
(Stirling and Derocher 1993): as the bears in WH come ashore thinner due to earlier sea ice break-up, 
and are delayed with the return to it, due to later freeze-up, this leads to increased human – bear 
interactions, as bears are drawn to the town dump of Churchill in order to scavenge on the garbage. If 
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the open water period is further prolonged, it will then likely lead to even more bear – human 
interactions, with occasional human victims, as well as, spread to the more northern regions. 
Drilling for gas and oil is another upcoming threat to the polar bears. Presently it is limited to the 
shore or shallow water of Northern Alaska, and no drilling activities are going on offshore, but plans 
are being made by Norway to explore this option. Since polar bears spend most of their life (other than 
the denning period) offshore, this could be a problem. Because if a discovery of a fuel source is made, 
it will mean more traffic to and from the area with potentially more hunting opportunities, as well as 
the possibility of oil spills. The extraction activities in North Alaska are, however, said to have been 
carefully managed and thus unfavourable effects on the polar bears have been avoided. Exploration of 
oil and gas sources in North Alaska in coastal area of the Arctic National Wildlife Refuge of Alaska is 
still under question, with environmental organisations in the opposition, and native associations 
supporting the idea, in hope of a share of the income (http://www.polarbearsinternational.org/bear-
facts/drilling-and-mining/). 
(I sure do hope the environmentalists win!)   
As the climate warms, some of the arctic areas, particularly the most affected southern ones, might 
become more attractive for people to inhabit, as there will also be better way for ships with the lesser 
ice amounts, which will lead to denser human populations, and thus increased potential for human – 
bear interaction, as well as, disturbance of the bears by human activities (Stirling and Derocher 1993). 
Anthropogenic scenarios of climate change 
Shutilin et al. (2008) considers 2 scenarios of climate change. First one is characterized by a future 
world with high economic growth rates, followed by high population growth rate, which will peak in 
the mid-21st century and then will gradually decline. Development will be characterized by 
amelioration of differences between regions, creation of an economic potential, activation of cultural 
and social connections, as well as a significant leveling out of income per person inter-regionally. 
Scenario 1 contains 3 subgroups, describing alternative directions of technological changes in the field 
of energy. The most interesting scenario of these is, supposedly, 1B – assuming a balanced use of 
various energy sources, both traditional and alternative fuels. Subgroups of scenario 2 describe a 
development, where the emphasis lies on local solutions of economic, social and ecologic stability 
problems. This scenario contains a constantly growing world population size, where the rate of growth 
is lower than in scenario 1, medium level of economic growth and slower technical progress.  
Study shows that according to scenario 1 almost all of the Arctic Ocean will be subjected to a small 
thinning of the sea ice (0.5m) and some increase in open-water areas (5-10% in the winter and 20-40% 
in the summer). A deeper analysis shows that the open-water areas adjacent to the Canadian 
archipelago and Greenland might actually decrease. The last prediction gives reason to believe that the 
North-West sea route is unlikely to be available for commercial sailing for at least the next 50 years. 
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Shrinkage of ice varies significantly between winter and summer periods. For the winter this shrinkage 
comprises 20-30% by the middle of the century and rises to 40-60% by the end of the 21st century. 
During summer with ice shrinkage of 40-50% by mid-century 2 different models predict that the ice 
area will shrink by 80% in area and volume by the end of the century, and by 40% in area and 60% in 
volume respectively (Shutilin et al 2008).  
According to scenario 2, the arctic sea ice will not shrink by more than 11% by the mid-century. The 
biggest ice shrinkage is predicted to happen in the summer, when even a small temperature rise (0.3-0.5 
°C) will cause a much bigger ice shrinkage, than a more significant temperature rise during the winter 
(3-5 °C). This difference was explained by the absence of a negative feedback loop between the 
radiational and turbulent streams during the summer. Also, the main shrinkage of ice in the Arctic 
Ocean is supposed to occur due to a drop in the quantity of ice hummocks. Results from investigating 
both scenarios show a significant and almost identical shrinkage of the ice in the Arctic Ocean after 
2030 and significant variations during a 20 year period. The ice shrinkage is more significant in the 
Canadian sub-Basin. A further analysis shows that the correlation of changes in volume of ice is 
conditioned by dynamic processes in the sea ice (by processes of hummocking). Both scenarios give 
similar results for the distribution of thicknesses and density of the ice cover. According to the 
predictions, even by the end of the current century there is an unlikely prospect of an ice free North-
West sea route (Shutilin et al 2008).  
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